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THE TERTIARY GRAVELS OF THE SIERRA NEVADA OF 

CALIFORNIA. 



By Waldemar Lindgren. 



PART 1. GENERAL FEATURES OF THE PROVINCE. 

CHAPTER 1. INTRODUCTION. 

OUTIilNE OF LATER GEOIjOGIC HISTORY OF THE SIERRA NEVADA. 

This report attempts to trace a part o! the history of the Sierra Nevada, the great range 
which, for 300 miles, divides the central valleys of California from the deserts of the Great 
Basin. It presents an account of the Tertiary formations of that range and deals especially 
with the origin and distribution of the gold-bearing gravels which made these mountains one 
of the treasure houses of the world. It is not intended to describe the rocks and the geologic 
histoiy of the pre-Tertiaiy periods, except in the merest outlines. 

The Paleozoic and early Mesozoic seas once extended over the site where the Sierra now 
lifts its broad back. Toward the close of the Mesozoic era the sediments were compressed in 
heavy folds, and the intrusion of granitic magmas forced them upward to lofty summits; after 
the intrusion the fissures and joints of granitic rocks and altered sediments became filled with 
veins and seams of gold-bearing quartz. A long period of erosion in the early Cretaceous 
planed down the new-bom mountains. The concentration of the gold from the veins began in 
countless streams. Pauses in the erosion, when the topography had been reduced to gentle 
outlines, permitted deep rock decay and promoted the liberation of gold from its matrix. 
Renewed uplift quickened erosion and facilitated the further concentration of gold. Through- 
out Cretaceous and Tertiary tune these conditions continued. Fluctuations of the western 
shore line at times extended the streams far into the areas now occupied by the Sacramento 
and San Joaquin valleys, or caused these watercourses to debouch upon flood plains reaching 
high up on the flanks of the range. Faulting movements, with downthrow on the east side, 
probably beginning in Cretaceous time, had transformed an approximately synmietrical range 
to a monoclinal one with steep easterly slope. Gradually the mountains were thus reduced to 
gentler slopes and the canyons widened to vaUeys. Meandering among longitudinal ridges, 
the rivers flowed from low divides to rolling foothills and the whole slope was clothed in the 
dense vegetation of a damp semitropical climate. 

Long-quiescent volcanic forces asserted themselves toward the end of Tertiary time, 
contemporaneously with the greatest volcanic activity in the Great Basin. Rhyolite flows 
filled the valleys, covered the auriferous gravels, and outlined new stream courses in the old 
valleys. Renewed disturbance began along the scarcely healed eastern breaks, resulting in 
a westward tilting of the main blocks, probably combined with normal faulting. In conse- 
quence of this disturbance the monoclinal nature of the range became strongly emphasized and 
the streams inmiediately began to cut their beds deeper; they repeatedly crossed their old 
courses and the concentration of gold in the new canyons proceeded under less favorable tor- 
rential conditions. Eruptions of andesitic tuffs began in enormous volume and effectually 
buried a large number of the streams, filling their vaUeys to the rims. At the close of the 
Tertiary period a steaming, desolate expanse of volcanic mud covered almost the whole of the 
northern Sierra, in startling contrast to the peaceable verdure-clad hills of the Miocene. In 
a thousand rills the storm waters flowed down the slope, excavating rapidly in the soft tuffs. 
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TERTIARY GRAVELS OF THE SIERRA NEVADA OF CALIFORNIA. 



The rills became gullies, ravines, creeks, and new master streams. Torrential grades magnified 
the erosive power, and thus began the canyon-cutting epoch of the late Pliocene and early 
Quaternary, amazing in its results, as we see them to-day. The new streams excavated sharp, 
V-shaped trenches in the hard rock to a depth of 1,000 to 4,000 feet below the surface of the 
flows. In many places the old rivers of the Tertiaiy period were exposed and cross sections 
of their valleys are now seen on the steep canyon slopes high above the present river beds. 
Large stretches of the old channels remained secure below their blanket of 1,000 feet of hardened 

volcanic mud. Wherever 
the canyon-cutting streams 
destroyed the old channels 
the gold in those channels be- 
came concentrated in the 
canyons and thousands of 
disintegrated quartz veins 
added to the previous con- 
centrates; but owing to the 
steep grades of the Quater- 
nary rivers much of the de- 
trital material and the fine 
gold was swept out into the 
valley at the western foot of 
the range over alternately 
advancing and retreating 
flood plains. 

The barren lava flows and 
the canyon slopes again be- 
came clothed by vegetation, 
this time of the type belong- 
ing to a cooler but still tem- 
perate climate. 

Later in the Quaternary 
the scenes changed again. 
The summits became covered 
with persistent snows, which 
eventually consolidated to 
n6v6 and to ice. Glaciers 
filled the upper vaUeys, but 
only for a comparatively 
brief time, disappearing rap- 
idly before the drying winds 
of a warmer climate and leav- 
ing the summit region a 
desolate expanse of dazzling 
white, bare granite or reddish 
schists. 

During the last brief span of a few thousand years the Sierra Nevadi\ has remained as we 
now see it, with the pleasing oak groves of the foothills, the somber giant pines of the middle 
slopes, and the storm-scarred hemlocks of the summit ridges. 

The peace of the wilderness was interrupted in 1849. An army of gold seekers invaded 
the mountains; at first they attacked the auriferous gravels of the present streams, but gradu- 
ally the metal was traced to the old Tertiary river beds on the summits of the ridges and to 
the quartz veins, the primary source of all the gold in the Sierra Nevada. (See fig. 1.) The 
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FiGUSE 1.— Index map showing location of region of auriferous gravels of the Sierra Nevada. 
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"v^^ertiary stream beds — the ''channels/' as they are called — proved rich but difficult to mine. 
New methods were devised; by hydraulic mining the gravel banks were washed down by the 
aid of powerful streams of water, and by drift mining the bottoms of the old stream beds were 
followed by tunnels underneath the heavy volcanic covering- 
Millions of dollars were annually recovered from these Tertiary channels, and the heyday 
of this industry fell in the seventies of the last century. Since then, owing to the prohibition 
of hydraulic mining and the gradual exhaustion of the richer channels suitable for drift mining, 
the industry has slowly decayed until in the year 1908 the total production of the drift, 
hydraulic, and surface mines of the range, for the first time since 1848, fell below SI, 000,000; 
indeed, this figure also includes the value of the gold washed from Quaternary gravels along 
the rivers. Gold is still contained in the Tertiary channels; miles of them are still unworked; 
but the problems are how to extract it without damage to other property from the d6bris and 
how to reduce the cost of drift mining so as to permit the exploitation of the less remunerative 
deep gravels. 

To compensate for this decay a new industry, that of dredging, has been developed along 
the bottom lands, where the present rivers emerge from their canyons and where fine gold has 
accumulated during Quaternary time on clayey or tuffaceous bedrock. During 1908 gold valued 
at nearly $7,500,000 was recovered by this method along the foot of the Sierra Nevada. 
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paleobotany of the Sierra. 

Heartiest thanks are extended to the many mining men who, by information and advice, 
have facilitated the collection of these data. Many of the photographs here reproduced were 
obtained through the cooperation of Dr. J. C. Hawver, of Auburn. 
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MAPS. 

It has not been possible to provide this paper with the complete maps of the gold belt as 
issued by the United States Geological Survey in the Geologic Atlas of the United States. 
Plate I (in pocket) will serve as a general guide to the geology of the area, but it is recommended 
that the reader who wishes full and detailed information obtain a set of the foUos relating to 
the gold belt, the names of which are marked on figure 1 . 
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CHAPTER 2. TOPOGRAPHY AND GENERAL GEOLOGY. 

TOPOGRAPHY. 

This report deals with the northern and lai^er part of the Sierra Nevada, lying between 
parallels 37 ** 30' and 40® 30' and extending from the Great Valley of California on the west to 
the escarpment facing the Great Basin on the east. 

From the plains of the Sacramento Valley the first foothills of the Sierra rise rather 
abruptly. Except along the Central Pacific Railroad, where an easily eroded mass of granodio- 
rite extends to the plains, the valley is bordered by a series of ridges parallel to the crest of the 
range and rapidly attaining elevations of 1,000 to 2,000 feet. The slope of the foothills is 
decidedly stronger than that of the range as a whole. At an average elevation of about 2,500 
feet the main plateau or middle slopes begin, characterized by the absence of longitudinal 
ridges and by a gentler undulating surface, in many places reduced to an even table-land with 
uniform and slight westerly slope. Above the general surface of this plateau rise groups of 
rugged hills of more resistant material, like Sand Mountain and Slate Mountain in Eldorado 
County, and the Blue Mountains in Calaveras County. An average elevation of about 6,000 feet 
marks the western boundary of the high Sierra, a region where the plateau-like character of 
the middle slopes becomes obscured and finally almost completely lost. High ridges and peaks, 
in places longitudinally arranged, here rise above the snow line. Through all three of these 
divisions the torrential streams have trenched deep canyons, V-shaped and extremely abrupt 
in the lower two divisions, but usually more U-shaped and wider in the high Sierra. Many of 
the canyons have been cut to a depth of 3,000 and even 4,000 feet. 

In the northern and southern parts of the area discussed the Pacific drainage reaches back 
to the most easterly summits of the Sierra Nevada, but in the central part two rivers of the 
Great Basin — the Truckee and the Carson — break through the eastern escarpment and drain 
considerable areas within the higher portion of the range. At the southeast comer of the area 
here treated the range breaks off in a magnificent slope of 6,000 feet from Mount Dana to Mono 
Lake, and this escarpment probably continues through the northern part of Mono County to 
Topaz, where it faces West Walker River, but ceases a short distance farther north. Another 
escarpment forming the eastern slope of the Genoa Ridge and having a height of about 5,000 
feet, begins some 20 miles to the northwest of Topaz and continues due north for about 30 miles 
to a point a few miles southwest of Reno; another offset of a few miles to the west follows and is 
succeeded north of Truckee River by a somewhat lower escarpment, which is practically con- 
tinuous to the north end of the Sierra, at Susanville, in Lassen County. The eastern front of 
the range is thus marked by four escarpments, arranged en Echelon, each offset a few miles 
toward the west. Mr. G. K. Gilbert states that this arrangement continues south of West 
Walker River, at least as far as Bishop. 

A more westerly eastward-facing escarpment, or crest line, is less steep. It begins a short 
distance south of Lake Tahoe and continues north-northwestward for about 60 miles, to an 
area beyond Mohawk Valley in Plumas County, where it gradually becomes effaced. 

Between these two crest lines lie a series of deep depressions. The southernmost is that of 
Lake Tahoe, which is about 20 miles long and 10 miles wide. North of Lake Tahoe a bridge rt 
high volcanic mountains connects the two crest lines. The next depression is Truckee Valley, 
and north of this another bridge of volcanic ridges connects the two divides. The third depres- 
sion is Sierra Valley, a deep circular basin surrounded by andesite flows and filled with alluvium. 
Truckee Valley and Lake Tahoe are both drained by Truckee River, which cuts tlu^ough the 
eastern ridges of the Sierra between Reno and Truckee and ultimately discharges into Pyramid 
14 
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Lake, in the Great Basin. Sierra Valley and Mohawk Valley are drained by Plumas River, 
which empties into the Sacramento. Near the north end of the Sierra and within it are several 
smaller vaUeys, most of them of structural origin — ^Indian Valley, Grizzly Valley, Clover Valley, 
American Valley, Meadow Valley, and Mountain Meadows — all within the Sacramento Biver 
drainage basin. 

The highest elevations are found in the southern part of the range. Mount Dana attains 
nearly 13,000 feet; the highest peaks of the Genoa Ridge reach 10,000 feet, but those along the 
western crest line fall somewhat short of this measure. North of the Central Pacific Railroad 
few peaks rise to 9,000 feet, and at the north end of the range the culminating points scarcely 
exceed 7,000 feet in elevation. The eastern base has at Mono Lake an elevation of 6,412 feet; 
in Carson Valley, 4,'70O feet; at Reno, 4,500 feet; at Honey Lake, 3,949 feet. The western base 
lies about 200 feet above sea level. 

THE GREAT VALLEY AND ITS EASTERN BORDER. 

8ACBAMBNTO AND SAN JOAQUIN VALI^BYS. 

SEDIMENTARY DEPOSITS. 

Inclosed between the Sierra Nevada on the east and the Coast Range on the west, the 
Great VaUey of California forms a tectonic trough in which, in slightly synclinal structure, a 
series of sediments have accumulated, ranging in age from the earliest Cretaceous rocks to those 
of the present time. On the east side the valley has since the beginning of Cretaceous time been 
bordered by the Sierra Nevada; on the west side diastrophic processes have gradually built up 
the barrier of the Coast Ranges, changing, the depression from a gulf of the isea to a lake and from 
a lake to a drained valley. From the beginning of the Cretaceous period the Great Valley has 
been the depository of the enormous masses removed by erosion from the rising land on the 
east, and to a less degree also of the debris from the Coast Ranges. 

The entire depth of the strata resting in the Great Valley is not known. On the western 
valley border, in the vicinity of Mount Diablo, Turner^ found an apparently conformable series 
ranging from the Knoxville formation (Lower Cretaceous) to the Pliocene, of a thickness which 
according to his sections probably aggregates 25,000 feet. It is hardly possible that the total 
thickness of Cretaceous, Tertiary, and Pleistocene deposits in the Great Valley reaches that 
enormous figure, but there is reason to believe that none of the wells put down in the valley have 
penetrated into Ek)cene strata, and the thickness of the older rocks is unknown. 

Through the many deep borings made in the Great Valley in search of gas or artesian 
water, the knowledge of the deposits of the valley has been greatly increased. Few of these 
borings, however, afford any definite proof of the age of the strata passed through; the records, 
if procured at all, are often very carelessly noted, the determinations of the rocks encountered 
are commonly erroneous, and samples are rarely kept. 

Dall and Harris ^ make the following pertinent statements in regard to the strata of the 
Great Valley on the authority of Jerome Hawes, of Stockton, who has for many years been 
engaged in boring artesian wells : 

In boring in the valley away from the foothills the strata exhibit great uniformity. They consist of clays and 
sands, the beds of clay becoming thicker as one bores deeper, sometimes reaching 100 feet without a break. Gravel 
is rare. * * * The sand and clay from the Sierra side is different in texture and color from that on the Coast Range 
or western side of the valley. But on the west, after boring through about 500 feet of Coast Range detritus, the drill 
comes to Sierra gravel and thereafter continues in it, showing that the latter underlies the Coast Range talus. 

% The wells at Stockton have reached a depth of 2,254 feet. At Sacramento' a well has 
been sunk to 965 feet through clay and sand and obtained some flowing water and gas. The 
strata are soft and the sands do not resemble the sandstone of the lone formation. G. F. Becker, 
who examined some of the samples from this well, states that some of them were probably 

* Turner, H. W., The geology of Mount Diablo: Bull. Qeol. 8oc. America, vol. 2, 1891, pp. 38^-402. See also Anderaon, F. M., A stratigraphio 
study in the Mount Diablo Range: Proc. California Acad. Sci., 3d Ber., vol. 2, No. 2, pp. 155-248. 

* Bull. U. 8. Qeol. Survey No. 84, 1892, pp. 195, 196. 
1 BuIL California Stote Min. Bur. No. 3, p. 11. 
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andesite tuffs. A well was recently bored on the Blair mining claim, about 2 miles south or 
southeast of Roseville, and coal seams, as well as ''white volcanic ash," were reported to-be 
found. The beds belong undoubtedly to the lone formation (Miocene), but the report of the 
interstratified ''volcanic ash" needs confirmation. 

On the Haggin ranch on Arcade Creek, 5 miles east-northeast of Sacramento, a well was 
bored in 1872 in an unsuccessful search for artesian water. It attained a depth of 2,250 feet 
and encountered only soft formations. This is only 13 miles west of the first outcrops of the 
"Bedrock series" of the Sierra Nevada, and indicates a steeper slope of the pre-Cretaceous 
rock surface west of the valley border than east of it. 

In 1891 a well was sunk in Wheatland, Yuba County, to a depth of 600 feet, mainly through 
greenish sand. At Sheridan, Placer County, a well was bored to a depth of 734 feet through 
clay and sand. Below 600 feet the drill passed through several hard strata of ''cement" (tuff?) 
and a 1-foot layer of "crystallized quartz" (possibly a quartz bowlder). Two miles south- 
west of Sheridan, on the Lucas ranch, a depth of 600 feet was attained; below 100 feet of quick- 
sand there was 500 feet of gray and blue clay, containing 4 feet of gravel in the middle.^ Neither 
at Wheatland nor at Sheridan was artesian water obtained. 

At Marysville wells have been bored to depths of more than 200 feet through clay and 
sand with a little gravel, without finding artesian water. A well bored in the tule lands south 
of the Marysville Buttes disclosed 400 feet of clay (with sand), in the middle of which was 
a thin stratum of gravel. No flowing water was obtained. 

Under the term '* alluvium" are classed the fluviatile deposits of clays, sands, and gravels 
formed by the present rivers during the progressive erosion of the older formations. The 
alluvium of the Great Valley has largely been formed by the erosion and redeposition of the 
older Quaternary strata covering the valley. The alluvial beds occupy a large space in the 
center of the valley, but there are good reasons to believe that their depth is relatively shght, 
probably at few places exceeding 100 feet; the lake of the Great Valley was drained only a 
relatively short time ago. 

In the center of the valley Sacramento River pursues a winding course with numerous 
oxbow bends and cut-offs. The stream has built up embankments 1 to 15 feet higher than the 
land on either side; the slope from the banks toward the low lateral basins is in places as much 
as 12 feet in 1,000 feet. The main channel is of very irregular depth and width and has not 
sufficient capacity to carry off the winter floods; in consequence, during high water much of 
the flow escapes through sloughs and crevasses into the lateral basins on the east and west, 
converting them for the time into vast shallow lakes. The banks are from 1 to 2 miles wide 
and are formed in the main of comparatively solid sediments. Levees following the river 
protect these fertile bank lands at many places, but there is a noticeable lack of a systematic 
plan in the regulatioA of the river. 

MINING DiSBRlS. 



The traveler approaching Feather River from the center of the valley begins to meet 
the effects of the dfibris from the hydraulic mines in the Sierra Nevada. The Sacramento 
carries practically none of this dfibris, but the Feather, the Yuba, the Bear, and the American 
are loaded with large quantities of gravel, sand, and silt. The general character of Feather 
River has changed considerably since 1850. The influence of the tide formerly reached up 
the Sacramento to the mouth of the Feather; now it is felt only to a point some distance below 
Sacramento. Prior to 1850, Feather River was a clear-water stream with well-defined banks, 
its bottom consisting of gravel and sand. At Yuba City the banks were 15 feet high and not 
subjected to overflow, except at certain places on the east side below the city. 

At the present time the river between Rio Bonito, a few miles below Oroville and Marysville 
is pretty well defined between banks from 6 to 20 feet high, flanked, as a rule, by low bottom 

1 Eleyenth Rept. State MlneraloglBt Callfomia, p. 319. 
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lands from 300 feet to half a mile wide; these are flooded nearly every winter. Below Marys- 
yille the channel has been fiUed in by the d6bris brought down from the Yuba and the Bear 
and the whole river bed has been raised until the stream has only a wide, uncertain channel 
in a sandy bed with almost even grade to the Sacramento; the bottom lands surrounding the 
river are more and more subject to overflow. Incidentally the overflows of the lowlands 
situated between the Yuba and Honcut, to the west of the railroad, have been greatly increased. 
The State engineer' remarks on this subject as follows: 

It is known that in the past 40 years the bed of Feather River and that of the Sacramento below the junction 
with the former have been greatly raised, as indicated by the elevation of the low-water plane as follows: At Oroville, 
5 to 6 feet; at Yuba City, about 13^ feet; at the mouth of the river, from 3 to 5 feet; at Sacramento, about 7 feet. 

The average grade of the Sacramento from the mouth of Chico Creek to the mouth of 
American River gradually diminishes from 1.5 feet to 0.3 foot per mile. That of the Feather 
from Burts Ferry to the junction with the Sacramento gradually decreases from 1.5 feet to 
1 foot per mile. 

YUBA BJVER. 

The greatest changes due to mining debris have been wrought in the lower course of 
Yuba River, from Smartsville to Marysville. An immense amount of fine debris .has been 
spread out on the adjoining plains to a width of 1 to 3 miles, covering an area of 25 square 
miles with deposits of fine sand and gravel, rendering much valuable land unfit for cultivation, 
and necessitating the protection of the adjacent country by means of levees. The sandy 
plains are covered by a dense willow growth, and the stream meanders over them in changing 
channels. The grade of the Yuba in the lower stretches ranges from 15 to 5 feet per mile. 
Above Deguerre Point, nearer to the foothills, the grade reaches 20 feet per mile. 



The conditions on Bear River between the foothills and its junction with the Feather 
near Nicolaus are similar to those on the Yuba, except that the area covered by mining d6bris 
is not quite so large. Between the Bear and the American a number of smaller watercourses, 
among which the principal are Coon Creek, Auburn Ravine, and Dry Creek, make their way 
across the plain in a westerly to southwesterly direction and finally lose themselves in the low 
basin east of the Sacramento. 

AMEBICAV BJVEB. 

American River, on emerging from the foothills, takes a southwesterly course, which it 
follows to a point near Sacramento, where it turns to a west-northwesterly direction; it joins 
the Sacramento a short distance north of the city. The river has a considerable grade and 
for the larger part of its course is well confined between its banks. Only near its mouth is 
there any danger of overflow, and that chiefly in the immediate vicinity of Sacramento. Sandy 
mining debris has filled the channel to a depth of about 10 feet near Sacramento, but the loss 
of valuable land by overflow is very much less than on the Yuba and the Bear. 

SACKAMSKTO VALLBT. 

The monotonous surface of the alluvial plains of the Sacramento Valley is scarcely broken 
by any recognizable relief; the lowest depressions are covered with swamp grass and tule, 
among which are tortuous sloughs and sheets of standing water, widening in flood times to 
vast lakes. The only sharply salient features are the river banks of sand and clay, from a few 
feet to 20 feet high. The valley floor is the gently sloping surface of a Pleistocene lake bot- 
tom, only recently drained by constructive processes. The rivers are at their base-level and in 
their sluggish courses deposit the loads of sand and clay brought down from the mountains, 
corrade their banks, and endeavor to establish new and changing channels. 

1 Report to Legislature of California, 1880, pt. 2, p. 30. 
88337*— No. 73—11 2 
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TBIBUTARIE8 OF 8AH JOAQUHT BJVEB. 

The general level of the San Joaquin Valley rises more rapidly toward the south than 
that of the Sacramento to the north, and this steeper grade finds expression in the lower 
reaches of the tributaries to San Joaquin River. In order from north to south these tribu- 
taries are the Cosumnes, Mokelumne, Calaveras, Stanislaus, Tuolumne, and Merced. The 
following description is quoted from a report by Lieut. A. H. Payson: * 

On each there is one point where the canyon proper abruptly ends and the valley begins. Below the canyon, 
while the undulations of the foothills continue, the upland banks, though sometimes approaching each other in 
points, are generally separated by a wide stretch of fertile bottom, until finally this distinction disappears and both 
become merged in the general level of the plain. The slopes will meantime vary from 2 or 3 feet per mile in the 
plain to 8 and 10 feet at the entrance to the canyon, thence increasing rapidly in the first few miles to 20 or 30 or 
even 40 feet. 

As we go south and the average height of the main San Joaquin Valley increases we find that its tributaries have 
worn for themselves deeper notches in the country; the banks are higher and narrower, while above them will be 
a second and sometimes even a third terrace of older origin and coarser material. 

Crossing the plain parallel to the San Joaquin and 10 or 15 miles east of it, the courses of the Cosumnes, Mokel- 
umne, Dry Creek, and Calaveras are marked by a line of growth in the otherwise treeless distance, while on approach- 
ing the Stanislaus, Tuolumne, or Merced nothing is seen of the river until just at its edge, whence its valley is looked 
down into from bluffs 80 to 150 feet in height, and on the two last named this peculiarity is preserved nearly through- 
out their length. 

The three southern streams fall directly into the San Joaquin in its upper course, to the detriment of the most 
critical part of its navigation, while the others have their outlet through a network of tidal arms in low tule lands, and 
are thus given a place of harmless deposit for much of their sedimentary load when spread out in times of flood. 

Before the destructive effects of gravel mining had made themselves felt in these valleys, the streams, per- 
fectly clear in low stages, were between high and solid banks grown with large timber, and though these were over- 
flowed in exceptional seasons, the floods staid but a short time on the land and were of benefit rather than harm. 
The soil was a black loam and very rich. The first and greatest of the changes came during the extraordinary flood 
of 1861-62. In that winter immense masses of detritus, the result of 10 years and more of mining, were swept down 
along the rivers, their beds were choked and raised, their banks torn out to excessive mdths, and large areas of good 
land ruined from being thickly overlaid by sand and gravel. 

But all the rivers have not been equally affected. The Cosumnes is now by far the worst of the southern 
streams, though even on it the destruction does not approach in magnitude that on the Yuba and the Bear, Its bed 
at the mouth of the canyon has been substantially obliterated, the deposits being nearly level with the banks, and 
below for several miles has been torn out to five and six times its normal width and choked with sand and gravel. The 
filling of its bed is estimated at 6 feet 8 miles above the Southern Pacific Railway crossing, 15 feet at a point 17 
miles above, and 20 feet at the entrance to the canyon. 

Next to the Cosumnes in order of damage comes the Calaveras, and although here the ill effects are not so 
marked just now, it is the most threatened from the present choked condition of its own and tributary canyons. 

The most important of the rivers considered is the Tuolumne, formerly it.'^elf nav'igable for some 15 miles above 
the mouth. It empties into the San Joaquin below and near the head of its navigation, upon which it immediately 
produces a marked and prejudicial effect. Though badly filled, probably 15 feet, at its exit from the canyon, and 
much spread out for 10 or 12 miles below, its bed soon gets between high and well-defined banks. 

The Stanislaus, though the deep places in its bed have been filled up to a uniform grade and its channel way 
considerably widened for some 10 miles, has not been appreciably raised in low-water level at Knights Ferry, in the 
foot of the canyon; its wator is quite clear in low stages, and its banks seldom overflowed in floods, and then only 
for very short periods. 

The same description will apply to the Mokelumne, but its bed has probably been raised 5 or 6 feet at Lancha 
Plana, and its floods are more frequent and spread over wider and more valuable tracts of bottom land. 

QUAVTITT OF MININa DEBRIS. 
By O. K. Gilbert, s 

The belt of hydraulic mining in the Sierra Nevada traverses the drainage basins of a series 
of streams tributary to the Sacramento and the San Joaquin. On the tributaries of the San 
Joaquin the quantities were relatively small — so small as to produce little or no effect on the 
navigability of the rivers. On Feather River proper the mining operations were more extensive, 

1 Payson, A. H., Mendell, O. H., Report upon a project to protect the navigable watero of California from the effects of hydraulic mining: 
House Ex. Doc. 98, 47th Cong., 1st sess., 1882, pp. 47-48. 

s During the last tew yean Mr. G. K. Gilbert has undertaken, under the direction of the United States Geological Survey, a long series of 
experiments on the transportation of d6brls by running waters. It ia hoped that these examinations will throw more light on the mo^'ement of 
dfibrls In the rivers and make It possible to control the debris more effectively. Mr. Gilbert has. in ronnertion with this work, made some detailed 
surveys of tlie old hydraulic excavations and has generously permitted the publication of the results in tliis report 
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but still small as compared to those on the Yuba, the Bear, and the American. Of the quantity 
of material excavated in the basins of those three rivers a number of estimates have been made, 
the estimated amount varying through a wide range. The latest of these estimates wliich make 
tise of firstr-hand data is given in the report of a board of Army engineers headed by Lieut. Col. 
W. H. H. Benyaurd, which is contained in the annual report of the Cliief of Engineers, United 
States Army, for the fiscal year eroding June 30, 1891. It is made by F. C. Turner, assistant 
engineer, and applies to the year 1890. For the present purpose this estimate is the most avail- 
able, especially as it was made some years after the stoppage of general hydrauUc mining, 
whereas a number of the earUer estimates were made during the progress of the mining. It 
constitutes part of the report of a detailed reconnaissance of the region of hj^draulic mi n ing, in 
which a large body of valuable data were accumulated. The method of making the estimate 
is not stated b}^ Mr. Turner, but may be assumed to have been indicated in general terms in 
the following passage from the report of the board: 

The Ufiual manner of estimating the amount of material moved is to determine the amount of water used in miner's 
inches and assign a duty to the inch. This, however, varies in different localities, in some places being as low as 2,000 
and in others as high as 2,600 cubic feet in 24 hours. In the usual determination the quantity is taken at 2,230 cubic 
feet in that time. The duty depends upon the quantity of water used, the pressure, the character of the material 
washed, and the grade and size of the sluices; character of material and grade are the ruling elements. With bea\y 
material the duty may be as low as 1.5 to 2 cubic yards and with light material as high as 10 cubic yards per inch. 
Instances are quoted in the report of the State mineralogist for 1889 where, with increased grade of sluices (12 and 
18 inch grades), the duty attained was 24 and 36 yards, respectively. The usual calculations are upon a basis of 3^ 
cubic yards. It will therefore be seen that great variations must exist in the estimates of amount of material that has 
alreadv been mined out. 

Impressed by the uncertainty of this mode of estimation, in wliich no engineer appears to 
have reposed great confidence, I undertook to check it by an independent estimate based on 
an entirely different procedure, namely, the measurement of the cubic contents of the cavities 
produced b}' the excavation. This work was carried on in the spring and autumn of 1908, and 
after a f ew^ preliminary experiments the f ollox^-ing method was adopted and followed : 

The surveying instruments were a plane table and a stadia rod. With these a traverse was 
run through the bottom of each cavity or along its edge, and where the area was large a traverse 
circuit was completed. From the stations of the traverse numerous points were determined 
by stadia and others by angulation, the position and altitude of each being fixed. A complete 
sketch was made of the rim or outer margin of the excavation, and for a short distance outside 
the rim the ground was contoured. The scale adopted was 200 feet to 1 inch and the contour 
interval was 20 feet. After the completion of the field work the contours of the ground previous 
to the excavation were restored by estimate, use being made of the determined contours outside 
the rim and of the determined courses of drainage lines outside the rim. With the aid of these 
restored contours and the determined points wdthin the area of excavation, a series of cross 
sections were constructed, and from these the volume of the excavation was computed. 

The precision of this method can not be definitely stated, as there were no absolute checks 
on the accuracy of the restored contours and the data controlling the restoration varied in 
cogency through a considerable range. In the opinion of the writer, who was also the surveyor, 
the general accuracy is such that the grand totals are true within 10 per cent, although 
many individual measurements have a lower precision. [The appearance of some of the 
hydraulic mines, the tailings accumulated, and the method of mining are shown in Plates II 
and III.— W. L.] 

The work was not carried on through the entire hydraulic district, but comparison with 
'the Turner estimate indicates that it covered about four-fifths of the excavation in the basin 
of Yuba River and three-seventlis of the total excavation of Yuba, Bear, and American rivers. 
The following table gives the results in some detail and also compares them, so far as practi- 
cable^ with the items of the Turner estimate. The difference in method of estimate led to a 
difference in the classification of the excavations, so that the comparison can not be refined, 
but it serves, nevertheless, as an effective check on the Turner estimate. 
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Volume of hydraulic excavation in part of the Yuba basin^ as estimated by G. K. Gilbert in 1908 and by F. C. Turner in 

1889-90. 



District, mine, or locality. 



1908 



Camptoavllle (7,100), Youngs HiU (7,500), Galena HiU (4,400), 
Weeds Point (3,000). 

Indian HiU 

Moores Flat (21,000), Orleans Flat (3,400), Snow Point (3,900).. 

WoolseyFlat 

Badger Hill and English Co. 



i}aager ±iUi ana fingusn co 

North Bloomfield (main pit, 64,400; minor pits. 13,600) 

North Columbia Cmain pit, S9,500; Howleys, Ohio, Neversweat, 



etc., 2,560). 

Union Gravel 

Yuba (Grlxzly) 

Paterson and vicinity 

North San Juan (25t350). Manzanita and American (47,900), 

Bed Rock (10,050), Buckeye (12,650). 



Esperanoe (and Kinney) . 

French Corral 

Omega. 



Alpha and vicinity 

Sailor Flat and Blue Tent 

Cement HiU (?) 

Rough and Ready, Randolph HiU and vicinity 

Ne\'uda City (Manzanita or Sugar LoaO (6,000), HlrBchman,etc. 
(6,400). 

Murchies, McCutcbeon, Charonnat, etc , 

ScottsFlat 

SmartsviUe and Ttmbuctoo (24,460), Mooney Flat (3,800) 

Sicard Flat , 

Depot HUl 

RdlroadHUl 

2 mUes west of Parks Bar Bridge 

Dry Creek 

2 mites west of Grass Valley 



1889-90 



WUlow Creek (5,800+), CamptonviUe and vicinity (1,500) 



Indian HUl 

Moores Flat, Orleans Flat, and Snow Point 

WoolseyFlat 

Badger HUl and Cherokee (10,000), English Co. (7,000) 

North Bloomfteld (29,000), Last Chance, Porter, etc. (3,000). 
Columbia HUl (20,000+20,000) 



Union Gravel 

Grizzly HUl 

Paterson claims (5,000), Montezuma HiU (500) 

North San Juan and part American (20,000+500), Sweet- 
land Creek, BirchvUte, Manzanita, and part Aioierican 
(60,000). 

Esperanoe 

French Corral 

Omega. 



Alpha (5.000), Place, Merrill, etc... 

SaUor Flat and Blue Tent 

Nevada City, Cement HUl 

Rough and Ready, Randolph HiU , 
Nevada City, Sugar Loaf. 



Murchies, Gold Flat, etc 

Scotts Flat 

SmartsvUle, Timbuctoo, and Mooney Flat. 

Sicard Flat 

No record 

.... do 

do 

do 

do 



Total. 



Percentage. 



Volume, in thou- 
sands of cubic 
yards. 



1906 



22,000 

7,800 
28.300 
20,700 
22,600 
78,000 
92,060 

9,100 

1.400 

7,800 

95,950 



3,500 
16,050 
22.700 

9,000 
46,200 

1,800 

910 

12,400 

2,100 

18,600 

28.260 

3,030 

3,900 

2.700 

320 

40 

30 



557,250 



1.51 



1889-00 



7,300 

4,500 
26,000 

4,100 
17,000 
32,000 
40,000 

10,000 
1,000 
5,500 

80,500 



1,500 
31,000 
12,000 

7.000 

15,000 
2,550 
3,000 

10,000 

600 

12,000 

44,800 

1,700 



368,950 



1.00 



Examination of the table shows that a few of the earlier estimates are higher than the 
later, but the majority fall below, and the new general totals exceed the earlier by 51 per cent. 
The difference is in part explained by the fact that some mining took place in the interval 
between 1890 and 1908. A number of mines were worked for short periods or in a Bmall way 
under permits from the debris commission, and there was some surreptitious work without 
permits. During the surveys in 1908 it was easy to see that certain parts of the excavations, 
on which a young forest growth had sprung up, were of early date, and that other parts, still 
bare of vegetation, were relatively recent, but it was not practicable either to infer dates with 
approximate accuracy or to estimate separately the more recent work. It is believed, however, 
that the work subsequent to 1890 can account for only a small portion of the discrepancy 
between the two estimates and that the greater part of the 51 per cent of difference inheres 
in the methods of estimation and the data employed. Assuming the substantial accuracy of 
the later estimate, and assuming further that the ratio of difference derived from the totals of 
the table may be applied as a correction to the other portions of the Turner estimate, I have 
deduced revised estimates for the total hydraulic excavation in the combined Yuba, Bear, 
and American basins. Turner's summary is as follows: 

Material excavated by hydraulic mining in the basins of Yuba, Bear, and American rivers. 

Cubic yards. 

Yuba River 452, 690, 000 

Bear River 234, 650, 000 

American River 170,330,000 

857, 670, 000 

The application of the ratio 1.51 to these quantities yields for the Yuba Basin 684,000,000 
cubic yards, for the Bear 354,000,000 yards, and for the American 257,000,000 yards. The 
values thus derived have been adopted for the Yuba and American basins but have not proved 
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MANZANITA HYDRAULIC MINE, NEAR SWEETLANO, NEVADA COUNTY. 
Bedrock is granodiorite. Photograph by G. K, Qilbsrt. See page 123. 



MOORES FLAT HYDRAULIC MINE, NEVADA COUNTY. 

Photograph by G. K. Gilbert. See page 141. 
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satisfactory for the basin of the Bear. The quantity of mining debris accumulated in the 
canyons of the Bear and its tributaries has twice been estimated with more care than was 
bestowed on similar deposits along the other riyers, and something is known also of the volume 
of the river's piedmont deposit. When these estimates are considered in connection with the 
small discharge of the Bear and other factors affecting the ratio of the local arrest of d6bris to 
the total output of the mines, good reason is found to regard the estimate of 354,000,000 yards 
as excessive. As all the quantities involved in the discrepancy were subject to considerable 
uncertainty the adjustment was of the nature of a compromise and the share assigned to the 
output of d6bris was 100,000,000 yards, reducing the estimate to 254,000,000 yards. 

The only other stream to receive mining d6bris and convey it eventually to the Sacra- 
mento is the main branch of the Feather. Turner's estimates do not include the mines of its 
basin, and my own observations covered but a small area. In the report of the State engineer 
of California, Wm. Ham. Hall, for 1880, pages 23-24, estimates are made for the *' water used 
and material washed out per annum" for the several river basins of the Sierra from the Ameri- 
can northward. For the basin of the Feather the estimate of material washed is 12,687,500 
cubic yards, and the sum of the estimates for the Yuba, Bear, and American is 36,480,500 
cubic yards. Lieut. Col. Mendell makes a similar estimate for the year 1880,^ in which the 
corresponding figures are 4,407,770 and 31,070,094. Mendell also gives with full detail the 
assessors' returns of the water used in mining. Hall and Mendell both qualify their estimates — 
Hall because his data were incomplete and Mendell because the method used was unsatisfac- 
tory. In 1881 the canyons and mining regions of the Feather and Yuba were inspected by 
Marsden Manson, and his report ' tends to discredit the estimates based on assessors' returns. 
He found that much of the water ascribed to hydraulic mining was actually used in drifting 
and quartz mining and in other ways not involving the handling of large quantities of earth. 

Disregarding for the moment Manson's implied criticism, accepting the estimates of Hall 
and Mendell, and assuming further that the total output of debris for the several basins for the 
whole period of hydraulic mining was proportional to the annual output, I have made two 
computations of the total output of the Feather. The figures quoted from Hall's table give 
366,200,000 yards and the figures from Mendell's table 186,600,000 yards. Various details 
reported by Manson and Turner, as well as data from other sources, indicate the probability 
that both these figures are excessive. On the other hand, a minimum estimate is suggested 
by the volume of the piedmont deposit of the Feather, which occupies the river bed between 
Oroville and Marysville. Hall estimated this, from surveys probably made in 1879, at 18,257,000 
yards,' and the observations of Turner indicate that only moderate additions were made in 
the following decade. The suggested minimum is 40,000,000 yards, and this might serve as a 
practical estimate, so far as conditions of the lower river are concerned ; but it would probably 
not be coordinate with the estimates for the other basins, which aim to show the full extent of 
the exploitation of the auriferous deposits. According to Manson the tailings from the greatest 
operations were* chiefly lodged in a permanent way in the American Valley, an opening in the 
heart of the mountains. Between the limits 40,000,000 and 186,000,000 the value of 100,000,000 
yards is arbitrarily chosen. Adding the estimate for the Feather Basin to that for the three 
basins farther south gives a total of 1,295,000,000 cubic yards as the output of the hydraulic 
mines on streams whose waters join the Sacramento. 

TSBBANES OF THE EASTERN BOBDEB OF THE VALLEY. 

GENERAL FEATURES. 

* Between the alluvium of the central valley and the first bedrock liills of the Sierra Nevada 
there lies, with flat westward dip, a series of formations ranging in age from the late Cretaceous 
deposits to those of the present time. Their occurrence and interrelations enable the observer 
to deduce with considerable certainty the geologic liistory of the western foot of the range. 

1 Kept. Chief Eng. U. 8. Army, 1881, pp. 2486-2487, 2494-2501. « Kept. Chief Eng. U. S. Army, 1882, pp. 2604-2012. 

• Kept. State Engineer, 1880, p. 11. 
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One of the first generalizations to be drawn from their study is that the intense diastropliism 
of the Coast Kange in Cretaceous and post-Cretaceous time was represented at the edge of the 
massive crust block of the Sierra only by faint pulsations; almost their only expression is 
found in the evidence of a long series of advances and retreats of the shore line, some more 
prominent, others very sUght, all recorded faithfully by the overlapping formations. 

Gently, as a rule almost imperceptibly, the older formations emerge from the overlapping 
alluvium. The ground rises in gentle swells to softly undulating hills with fine gravelly soil; 
the little watercourses are definitely marked with steeper grades and deeper trenches. The 
erosive power is still sUght, but the tendency to lateral corrosion and consequent enlargement 
of the flood plain is very pronounced. The older Quaternary deposits of gravel, clay, and sand 
are being more or less slowly dissected during the process of degradation to a base-level about 
350 feet below the old one. At some places a regular and slight slope of Pleistocene gravels 
reaches up to the footliills. Elsewhere long embayments of alluvium may extend up toward 
the first outcrops of the bedrock series and from these depressions the earUer deposits are 
attacked with more vigor, producing a complex of flat-topped liills. 

CHICO FORMATION. 

The Shasta series, or Lower Cretaceous, is entirely lacking along the valley border. The 
Chico formation (Upper Cretaceous) is represented abundantly in Butte Count}", in the north- 
ern part of the Sacramento Valley, but is almost wholly lacking along the valley south of parallel. 
39° 30'. The elevation at wliich the formation occurs gradually diminishes toward the south. 
The Chico wherever found rests directly and unconformably on the pre-Cretaceous bedrock 
Tliis indicates either that a period of erosion intervened between the Shasta and the Chico, or 
perhaps rather that the shore line during the Shasta epoch was located considerably west of 
the Une of the foothills. The geologic liistory of the valley border may thus be assumed to begin 
with the Chico transgression. 

The Chico formation occurs at two localities in the yicinity of Folsom, in the latitude of 
Sacramento; both are noted by Wliitney,^ who also mentions several other localities, but 
during the geologic mapping of the Sacramento quadrangle only these two could be established 
beyond doubt. Fossils characteristic of the Chico have been collected in both localities.* At 
one — Rock Corral, 3 miles north-northwest of Folsom — ^^the strata rest upon the granitic 
rocks, emerging at that point from the covering formation of the Great Valley. At this place 
a well was sunk about 30 years ago to a depth of 120 feet. The fossils were found at a depth 
of 43 feet in sandstone and constitute a typical Chico fauna. The exposures are poor, but in 
a small trench in the decomposed surface material at tliis place the writer succeeded in finding 
imperfect casts of shells that are probably referable to the Chico. The exact extent of the 
Cliico on the surface is a matter of much doubt. For a mile south of the Rock Corral locality 
there is between the Pleistocene and the granite an area covered by white clay or sandy clay. 
This material immediately underlies the andesites and gravels between Rock Corral and Folsom 
and is shown also under the andesite opposite Folsom and under the Orange Vale bluff; in this 
terrane no fossils have been found, and from its position and general character it is believed to 
belong to the lone formation (Miocene). 

At Folsom, where American River, emerging from the footliills, has cut down about 100 
feet tlirough Pleistocene and Neocene deposits and deposited large amounts of late Pleistocene 
gravels, another body of Cliico rocks is exposed. It is on the north bank of the river one- 
fourth mile below the suspension bridge and is or was covered by heavy Pleistocene gravel, 
now largely removed by mining processes. The Cliico beds lie in the middle of the old diggings 
on the first outcrops of bedrock visible along the river, only a few feet above the water. About 
10 or 12 feet of soft wliite clay and greenish clayey sandstone, with abundant coaly particles 
and indistinct vegetable remains, are shown in the exposures, the beds dipping gently westward. 

> Whitney, J. D., Geological Survey ot California, Geolog:y, vol. 1. 

» For lists of fossils see Turner, H. W., The rocks of the Sierra Nevada: Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1894, pp. 458-461. 
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On the bedrock is a little fine greenisli, well-cemented metamorphic and quartz gravel, which 
at the time of visit was being mined from small shafts and washed for gold. 

Slight as tliese exposures are, there is still in their position some indication of the character 
of the surface over which the Chico transgression extended. At Rock Corral, where the Cre- 
taceous attains an elevation of 300 feet, the granite rises 150 feet in a distance of 2,000 ;feet 
toward the nortli. At Folsom the small remnant of the Cliico lies in a distinct old depression 
150 feet above the sea, the rim to the northeast rising several hundred feet in less than a. mile. 
The auriferous gravel underl^dng the beds points to a watercourse antedating the Chico. . It 
appears permissible to draw the conclusion that the Chico was laid down on an uneven surface 
with a relief at least as prominent as the first emerging footliills show to-day. The Chico t;raps- 
gression moved the shore line eastward at least as far as the 300-foot contour. 

The. next exposure of the Chico is at Pentz, m Butte County, north of Table Mountain.* 
A few miles farther north tliis formation is well exposed in the deeper creek trenches, particu- 
larly near Mineral Slide, on Little Butte Creek; at Centerville, on Big Butte Creek; and in tlie 
canyon of Cliico Creek above the town of Cliico (PL XVI, By p. 88). The sandstones of the Chico 
formation rest with very gentle westerly dip on the eroded surface of the *^ Bedrock series," 
here consisting of slates or greenstones, and are covered with sUght unconformity by shore or 
flood-plain gravel which in turn underlies heavy beds of andesitic tufl^s. The contact of the 
Chico and the "Bedrock series*^ lies here at an elevation of 1,000 to 1,500 feet. Somewhat 
farther north, along Deer Creek, just over the line in Tehama County, another exposure of 
Chico is found at an elevation of 2,000 feet.' Thirty miles farther north, in the southern part 
of Shasta County, the exposures of Cliico Kocks, surrounded by Tertiary beds, attain an eleva^ 
tion of 3,000 feet. So far as can be told from the scattered exposures, the Chico rises grad- 
ually from an elevation of 300 feet in Sacramento County to one of 3,000 feet in southern Shasta 
County, but it is not safe to say that this is due entirely to differential elevation for an epoch 
of erosion intervened between the Chico and the Miocene, and it is quite possible that much of 
the Cretaceous toward the south has been carried away. 

TEJOX FORMATION. 

In the Marysville Buttes, in the center of the Sacramento Valley, several hundred feet of 
marine Eocene beds (Tejon formation) are exposed,' uplifted by volcanic agencies and con- 
sisting of greenish sands and shales containing an abundance of characteristic fossils, such as 
Trochosmilia striata and Cardita planicosta. 

Along the base of the Sierra Nevada the Tejon has been found at only one point, on Merced 
River 1 mile south of Merced Falls, in Mariposa and Merced counties.* Here several small 
flat-topped buttes of sandstone with characteristic marine fossils rest directly and almost hori- 
zontally on the nearly vertical Mariposa slates at elevations of 500 to 600 feet, the top of the 
sandstones reaching to 800 feet. At this place Merced River emerges from its canyon, which 
is here only from 200 to 300 feet deep. Immediately east of this point the first greenstone 
ridges of the Sierra rise to elevations of 1,000 feet. To the west the Miocene (lone formation) 
overlies the Tejon formation with unconformity. 

All this shows plainly that the relief of the foothills in Eocene time differed little from that 
of the later part of the Tertiary period. As ho rocks belonging to the Tejon formation underlie 
the lone in similar situations north of Merced River, it is probable that an epoch of erosion 
intervened between the Eocene and the Miocene, and that during that interval the shore line 
retreated a considerable distance westward. Certain of the lower auriferous gravels in the old 
river bed near the valley border are probably of Eocene age; the stream gravels on the bedrock 
at the lowest points in the Miocene courses of American and Yuba rivers are considerably 
lower than the top of the lone formation. 

> Turner, H. W., The rocks of the Sierra Nevada: Fourteenth Ann. Kept. U. 8. Oeol. Surv^ey, pt. 2, 1K94, pp. 458-461. 
< DUler, J. S., Laasen Peak folio (No. 15), Geol. Atlas U. S., U. S. OeoL Survey, 1805. 

* Uadgren, Waldemar, Marysville folio (No. 17), Geol. Atlas U. S., U. S. Geol. Survey, 1S95. 

* Tamer, H. W., and Ransome, F. L., Sonora folio (No. 41), GeoL AUaa U. S., U. S. Geol. Surv^ey, 1897. 
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lONE FORMATION. 
BXFZHITIOV. 

During the Miocene period and contemporaneously with the accumulation of the later pre- 
volcanic gravels on the slopes of the Sierra Nevada there was deposited in the gulf then occupy- 
ing the Great Valley a sedimentary series of clays and sands to which the name lone formation 
has been given. The water in this gulf was probably brackish; no marine fossils have been 
found in the lone formation along the foot of the range, but fossil leaves, vegetable material, 
and, in places, coal are abundant. At the mouth of the rivers which descended from the Ter- 
tiary Sierra Nevada extensive delta deposits were accumulated, and it is thus difficult in many 
places to draw any exact line between the lone formation and the river gravels proper. The 
gravels in the formation are locally auriferous, though generally poor, because spread over 
large areas. 

The lowest and oldest Tertiary auriferous gravels lie in troughs over which the lone forma- 
tion has transgressed, in places at depths of more than 500 feet. At many localities the sand- 
stones and clays of the formation merge directly into, the upper river gravels of the so-called 
benches. On the other hand, the thick gravels of the rhyolitic period are distinctly later than 
the lone formation. Turner has shown that in the Jackson quadrangle extensive shore or delta 
gravels of interrhyolitic age rest on the eroded surface of the lone. (See PI. XI, 5, p. 72). 
The lone formation belongs to the late Tertiary and is believed to be of Miocene age. 

The greatest thickness of the formation measured is in Calaveras County in the Jackson 
quadrangle, where Turner has determined it to be about 1,000 feet. Post-lone erosion has 
removed the formation entirely over lai^e areas. 

DIBTRXBXmOV. 

The most northerly exposures of the lone, north of the Sierra Nevada, have been observed 
by Diller on Little Cow Creek and Pit River in the northwest comer of the Lassen Peak 
quadrangle, Shasta County. The clays and sands are here directly overlain by andesitic tuffs 
and rest on metamorphosed slates of Jurassic or Triassic age at an elevation of about 2,000 feet. 
South of this locality few exposures are seen until the Oroville Table Mountain is reached, a 
distance of nearly 100 miles. At this place a capping of basalt, somewhat earlier than the 
andesitic flows, has preserved the lone intact. The formation here consists of fine gravels, 
white clays, and sands, and reaches to elevations of about 1,200 feet. (See PI. IV, B; fig. 4, 
p. 86; and fig. 5, p. 90.) With insignificant exceptions, no further exposures occur between this 
point and Lincoln, in Placer County, where some white clays are preserved underneath a cap- 
ping of andesitic tuflF in the midst of Quaternary gravels and a few miles west of the first out- 
crops of the pre-Cretaceous rocks, usually referred to by the collective name "Bedrock series." 

About 40 miles northwest of Lincoln, in the late Tertiary andesitic volcano of Marysville 
Buttes, clays, sands, and gravels of Miocene age have been brought up by the intrusion of igne- 
ous bodies and, although they are so much disturbed that the stratigraphic sequence can not 
be made out, there is strong probability that these strata should be identified with the lone. 
They contain marine fossils associated with impressions of deciduous leaves, and the gravels 
contain some gold. 

South of Lincoln the lone formation is better exposed because it has been protected by 
andesitic tuff, but it does not reach a higher elevation than about 200 feet. South of American 
River the outcrops are more extensive, and the formation attains its greatest development in 
the foothills of Calaveras County. The lower part, consisting of white clay and sand, reaches a 
thickness of 860 feet or more and contains beds of lignite of poor quality. Above this rests 
a white sandstone which attains a thickness of 100 feet or more. A clay bed, also of Ught color, 
100 feet thick, overlies this sandstone. Near Valley Springs the lone attains elevations of 1,000 
feet, and its highest members are probably several hundred feet above the deepest gravels of 
the Tertiary Calaveras River, which here debouches into the plains but which is not visible in 
this vicinity. 
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Photograph by Walde< 



B. HYDRAULIC MINE AT CHEROKEE, BUTTE COUNTY. 

Photograph by J, S. Oilier. See page 86, 
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In front of the Gopher Ridge, a mass of greenstone rising abruptly in front of the bare 
foothills, the formation lies at elevations of 500 feet. About 25 miles to the south the forma- 
tion lies in a similar position and rests against greenstone or Jurassic slate at the same elevation. 
Just south of Merced Falls, in the southwestern part of the Sonora quadrangle, the lone for- 
mation overlies with slight unconformity the marine Eocene sandstones, of which but few 
exposures are preserved. 

From all this it appears that during the later part of the prevolcanic gravel period the lone 
formation transgressed along the whole front of the Sierra to a present elevation of somewhat 
more than 1,000 feet. So far as can be judged from the present exposures there has been little 
differential elevation along the front of the range since the time of the deposition of the forma- 
tion. In other words, the fluctuations of the shore line are now indicated by horizontal lines 
at least between the Oroville Table Mountain and the foothills of Calaveras County. 

POST-IONE EROSIOK. 

The extent of the erosion which followed immediately after the deposition of the lone 
fonnation along the foothills was greater than would be supposed from a study of the deposits 
in the rivers higher up in the range. The sequence is particularly well shown around the Oro- 
ville Table Mountain and in the foothills of Calaveras County. At the former place the andes- 
itic tuffs (Tuscan tuff of Diller), which in Placer County appear to overlie the lone formation 
conformably, are at least 500 feet below its top members. At the mouth of the old Yuba River 
there is a conspicuous absence of the lone formation and the andesitic tuffs rest immediately 
on the bedrock, at elevations as low as 200 feet, and in the old river channel lie inmiediately 
above the heavy gravels, which are presumably of Eocene age. At this locality no extensive 
mud flows of rhyolitic character appear to have reached the valley, although they are abun- 
dantly present in the longitudinal basin which begins at North Columbia, Nevada County, 16 
miles east. At the mouth of the Tertiary Calaveras River, on the other hand, shore gravels or 
delta gravels spread out up to a present level of 500 feet, and these gravels rest on the gently 
eroded surface of the lone formation. 

These interrhyolitic gravels were again subjected to some erosion; immediately after this 
followed the prolonged epoch of andesitic flows. The tuffs which were spread over a large part 
of the Sierra Nevada were worked over by the rivers and spread as thick masses of volcanic 
gravels and sands over the eroded surface of the lone formation and the interrhyolitic gravels. 

VOLCANIC FORMATIONS ALONG THE VALLEY BOBDEB. 

The Tertiary volcanic rocks along the valley border comprise rhyolite, andesite, latite, and 
basalt. Few of these flows originated at the place where they are now found. Most of them 
were derived from volcanic vents in the higher part of the Sierra and flowed down the slope, 
some of them for distances of 60 miles or more. 

RHYOLITE. 

During the time of the rhyolitic flows in the upper range some material of this kind undoubt- 
edly found its way to the valley along the old river courses, but it is not in a form distinctly 
recognizable as rhyolite tuff. At one place only the rhyolite reached the valley border — in the 
vicinity of Valley Springs, m Calaveras County, close to the mouth of the ancient Calaveras 
River. A few small areas of rhyolitic tuff here overlie the lone formation at elevations of about 
500 feet, and are in turn covered by andesitic tuffs and Quaternary gravels. 

ANDESITE. 

The andesitic flows that reached the valley are throughout of fragmental character and 
consist of a hard, tough, cemented breccia of brown or purplish color, which contains a large 
number of pieces of massive andesite. This tough breccia undoubtedly came down from vol- 
canoes located high in the range and is not the result of ash showers or fluviatile concentration. 
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Associated with these beds are, however, andesitic conglomerates, fine-grained tuffs, and vol- 
canic sandstones, which, of course, have been transported from the d6bris of andesitic areas 
higher up in the range. 

North of Table Mountain, in Butte County, large areas of andesitic tuflFs reach down to the 
valley border and, in fact, cover completely the older underlying rocks. 

South of Table Mountain, in Yuba and Nevada counties, no andesite flows reach the valley; 
they were apparently prevented by the high greenstone ridges which here formed a barrier 
toward the east. The only exception is at Smartsville, where the Tertiary Yuba River broke 
through these barriers. Here a thin flow of cemented tough breccia and andesitic conglomerate, 
not more than 150 feet thick, covers the prevolcanic gravel. Below Smartsville the andesitic 
masses spread out over a large area skirting the foothills for some distance to the south at an 
elevation of about 200 feet; they are here not over 50 feet thick, and consist of dark-colored 
volcanic conglomerate capped by a thin layer of andesitic breccia. About 25 miles south of 
this place, between Lincoln and Folsom, in Placer and Sacramento counties, andesitic rocks 
appear along the valley border for a distance of 15 miles; thej' overlie auriferous gravels or the 
lone formation and are nowhere over 100 feet in thickness; Pleistocene gravels cover the andes- 
ite on the west. Exposures at Folsom, for instance, show above the lone formation 15 feet of 
andesitic gravel, 20 feet of fine-grained andesitic tuff, and a capping of 40 feet of hard, tough 
breccia. For 30 miles southeast of Folsom, or to lone, a little town in Amador County, no 
volcanic rocks appear, but from lone southward as far as Merced River, near the southern 
boundary of the area described in this report, andesitic detrital rocks form a belt which follows 
the foothill region west of the last outcrops of the ''Bedrock series.'' These andesitic tuffs 
and gravels overlie the lone formation but are within a short distance covered by the Pleisto- 
cene gravels of the rolling foothills of the valley. The beds grade in places into material which 
contains few recognizable volcanic fragments. They are well developed, for instance, at Knights 
Ferry, on Stanislaus River, where they form flat-topped hills about 200 feet high immediately 
in front of the first greenstone ridges of the Sierra Nevada. 

BASALT AND LATITE. 

Basaltic rocks reach the valley border at two places only. At the Oroville Table Mountain 
a basalt flow 300 feet in thickness covers the lone formation, and small buttes of the same rock 
extend for several miles into the valley. It is probable that the basalt was erupted at some 
point not far distant from the present flow. There is, indeed, at Cherokee some evidence tend- 
ing to show that part of it at least was erupted in that immediate vicinity. 

On the other hand, the basaltic rock of the Tuolumne Table Mountain, near the south end 
of the area discussed, reached the valley as the final part of a narrow flow which originated 
far up in the range, in the vicinity of the Dardanelles. This rock, which contains a considerable 
amount of potassium, has been named a latite by Ransome. 

THE TUFFS OF OROVILLE. 

Along the foothills from Bear River to Feather River a series of light-colored tuffaceous 
rocks are exposed in places, although the formation is generally covered by later Quaternary 
gravels or by the red soil of the valley. The first exposures were seen a few miles north of Bear 
River, near the south end of an area of andesitic tuff which here spreads out in front of the 
most westerly exposures of greenstone. In a bank 20 feet high is shown 8 feet of sandy clay, 
which is covered by 4 feet of tuffaceous material containing pumice with small foils of biotite; 
this in turn is covered by 9 feet of volcanic sand. These deposits, which are distinctly later than 
the andesite mentioned above, are also present along Yuba River a short distance below Browns 
Valley, where they form the bedrock of the gravel which is dredged at that point. They also 
occur underneath the Quaternary gravel on the rolling bare foothills in front of Browns Valley 
Ridge. Similar deposits are seen in exposures 10 or 12 feet high on Honcut Creek; finally near 
Oroville they are extensively developed and form the low flat-topped hills which flank the river 
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on the south side for a distance of 8 miles below Oroville; these hills are covered by thick Qua- 
ternary gravels and gradually merge to the south into the gravelly plains about Palermo. The 
tutf extends under the present alluvium of Feather River and forms the bedrock of the area 
now worked so extensively by dredging. It is a compact light-brown material, containing in 
places pebbles of metamorphic rocks and also small white fragments of pumice which are found 
to consist of volcanic glass ; locally these fragments are very small and the tuff looks more like 
a compact clay. Bore holes 80 feet deep have been sunk in it in the flood plain below Oroville 
without finding different material. On the road to Wyandotte from Oroville similar material 
outcrops in the low foothills underneath the Quaternary gravel up to elevations of about 400 
feet. Benches of such gravel from 30 to 50 feet thick usually cover the tuff, so that as a rule 
the only satisfactory exposures are found along the bluffs. The bedrock relations at Oroville 
indicate that this series was deposited on the even slope of the older (Neocene) formations, 
before the modern canyon of Feather River had been excavated but after the earlier lone forma- 
tion had been greatly eroded. (See fig. 5, p. 90.) 

The pumice containing biotite foils which is so conmion in these tuffs is entirely unknown in 
the andesitic flows which descended along the slope of the Sierra Nevada. On the other hand, 
acidic eruptive rocks like those contained in the tuffs are present in the extinct volcano of the 
Marysville Buttes, which lies in the center of the valley only about 25 miles to the southwest or 
west of these tuff areas, and it is confidently believed that the tuffs represent the accumulations 
of ash showers from this volcano, especially as the prevailing southwesterly winds would drive 
them in just this direction. It is thought that these eruptions took place somewhat later than 
the andesitic eruptions of the summit region. 

QUATEBNABY OBAVELS. 

Along the valley border the Neocene terranes are overlain by an extensive series of poorly 
consolidated gravels, sands, and clays; the exposures rarely attain 100 feet in height and 
usually consist of low bluffs along the river courses and rolling hills between them. A distinct 
erosional unconformity separates these beds from the lone formation, the andesitic flows, 
and the tuffs of Oroville. This indicates that before the deposition of the gravels the shore line 
had moved farther out into the valley, and this conclusion is confirmed by the fact that gold 
has accumulated underneath the gravel on the surface of the tuffs and the lone formation 
many miles to the west of the present bedrock exposure. After the deposition of the tuff beds 
of Oroville there followed, however, a general rise of the base-level which resulted in the depo- 
sition of beds of gravel and sand, the gravels predominating. The highest gravels are found 
at elevations of 350 to 400 feet. Along the main rivers this epoch of gravel deposition finds 
expression in a series of benches, such as those on both sides of Oroville. The lowest bench 
lies 30 feet above the river at an elevation of 160 feet. Above this there are two broad benches 
which have elevations ranging from 340 to 430 feet. The conditions are somewhat similar, 
though the benches are less well defined, along Yuba River and Bear River. At the mouth 
of the canyon of American River broad benches spread to the north and south at elevations 
of 100 to 250 feet. 

The Quaternary gravels are in general thoroughly washed and consist mainly of quartzite 
and other highly siliceous pebbles. They have probably been formed by the reworking of 
older gravels, a process during which the softer rocks were entirely disintegrated. According 
to Turner these siliceous gravels illustrate in a striking degree the law of the survival of the 
fittest. At many places the Quaternary gravels are gold bearing and have been washed with 
profit, especially where underlying tuffaceous rocks have proved effective gold catchers. 

In many of the folios on the gold belt (see fig. 1, p. 10) the Quaternary gravels have been 
considered as having been deposited in a lake, but the probability is that they should rather 
be considered of fluviatile origin. 

Since the deposition of the flood plains described above the base-level has been lowered 
and the rivers, at the edge of the valley, have deepened their canyons, mostly by reexcavating 
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old detrital deposits, until their beds now lie about 100 to 250 feet below their old flood plains. 
The alluvial deposits of the present rivers are not extensive near the mouths of the canyons, 
but a short distance below begin to widen and finally merge into the large alluvial areas of the 
Great Valley. 

It is assumed that the deposition of the Quaternary bench gravels was contemporaneous 
with the main epoch of erosion which excavated the pres^it canyons and that the glacial epoch 
which has just closed in the high Sierra corresponded with the deposition of the present alluvium. 
During the erosion of the canyons of the range to depths reaching 4,000 feet and the accom- 
panying removal of enormous masses of the covering Tertiary volcanic formations an amount 
of material has been transported into the valley which far exceeds that moved during the 
whole period of the Tertiary auriferous gravels. There is no evidence of this tremendous 
mass of detritus in the present valley, for the bench gravels described above can account for 
only a small part of it. There are no d6bris fans in the valley corresponding to those resting 
in front of the desert ranges in the Great Basin, for instance. It is diflicult to avoid the con- 
clusion that the Great Valley has subsided to a corresponding degree since the beginning of 
this epoch of erosion. At first glance it looks as if the load had been removed from the range 
to the valley which has sunk under its weight. 

It has been assumed that the close of the volcanic period marks the close of the Pliocene 
and that the erosion of the canyons falls into the early Quaternary, while the glacial epoch 
would correspond to the late Quaternary. The paleontologic evidence tends to show, however, 
that the volcanic epoch lay within the Miocene, and this would permit the great erosion of 
the canyons, the Sierran period of Le Conte, to occupy the time of the Pliocene and the Qua- 
ternary. If the close of the volcanic epoch should be removed to the beginning of the Pliocene, 
it would give a more adequate length of time for the accomplishment of the gigantic work of 
erosion which is manifested in the deep trenches now scoring the flanks of the range. 

SI7MMABY OF OBOLOOIC EVENTS ALONG THE VALLEY BOBDEB. 

The geologic history of the valley border from late Cretaceous time to the present day 
may be summed up briefly as follows : 

1. Pre-Chico (late Cretaceous) erosion. 

2. Chico transg^resBion. Shore line moves eastward to present elevations of 300 to 2,000 feet. 

3. Post-Chico erosion. Shore line moves west of present valley border. 

4. Tejon (Eocene) transgression. Shore line moves eastward at least to present elevations of 800 feet. 

5. Post-Tejon erosion. Shore line moves west of present valley border. 

6. lone (Miocene) transgression. Shore line moves eastward to present elevations of 1,000 or 1,200 feet. 

7. Post-lone erosion. 

8. Deposition of interrhyolitic shore gravels. 

9. Poetrhyolitic erosion. 

10. Deposition of interandesitic shore gravels. 

11. Deposition of volcanic ash beds of Oroville. 

12. Important period of erosion (Pliocene and Quaternary) — Sierran period of Le Conte. Excavation of canyons of 

the range, 
(a) Shore line retires permanently west of the valley border. 
(6) Deposition of extensive fluviatile gravel beds up to elevations of 450 feet. 

(c) Deepening of stream beds along valley border by 100 to 300 feet. 

(d) Deposition of lower bench gravels. 

(e) Deposition of present allu\4um. 

THE SIERRA NEVADA. 
TEBTIABY mVEB GRAVELS AND VOLCANIC BOCKS. 

Accumulations of gravel are found along almost all the Tertiary river channels now exposed 
by erosion along the slope of the range. The only exceptions to tliis rule are the upper parts 
of the stream courses near the present divide, where the grade evidently became too steep 
for the accumulation of such detrital deposits. The areal extent of the gravels, as shown on a 
geologic map, would not be large. Except those at a few places along the deep longitudinal 
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depression which existed on the middle slopes between Forest Hill, in Placer County, and 
North Bloomfield, in Nevada County, the areas would not show prominently on a map of small 
scale such aa Plate I (in pocket). The andesitic and rhyolitic flows cover the largest parts of 
the gravels. 

The Tertiary deposits comprise several epochs which are distinguished in the following 
paragraphs. (See also fig. 2.) 

PEEVOLCANIC DEPOSITB, 

Deep gravels. — The deepest trough-shaped depressions (PI. V, B) in the drainage basin 
of the Tertiary Yuba River are usually filled to a depth of 50 to 200 feet by coarse gravels which 
ordinarily have been cemented so that they can not be readily washed without previous crushing. 
In the main channels the pebbles are large and well rounded. They range in size up to cobble- 
stones and even bowlders several feet in diameter (see Fl. XXI, B, p. 144), but all of them, unless 
subsequently decomposed, have a smooth or polished surface. They consist mainly of the 
rocks of the older series; quartz forms a part of the pebbles but rarely predominates. There 
is no clay and the cementing material between the pebbles consists of coarse sand. The coarse 
and bowldery character of these lower gravels is especially emphasized in the smaller streams 
or in places where the laige stream beds contract m passing through bars of hard rock. Con- 
spicuous examples of such conditions are furnished by the Cherokee mine, in Butte County, 
and the Polar Star mine, in Placer County. The deposits evidently originated in a stream of 
fairly strong grade and large volume. In the southern Tertiary rivers — for instance, that 
pniTing its outlet from Vallecito to Valley Springs, in Calaveras County-— the deep gravels are 
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much thinner tlian along the Tertiary Yuba. In many places they are entirely absent. No 
fossils have been found in the deep gravels except at one place near Susanville, where an Eocene 
flora was discovered by Diller. It is likely that these gravels are of Eocene age, and some of 
them along the Tertiary Yuba River may even be Cretaceous, 

Bench gravels. — Covering the deep gravels and attaining a maximum thickness of 300 feet, 
the bench gravels are spread out, in places to a width of 1 or 2 miles, on the sloping shelves 
on both sides of the deepest troughs (PI. V, B). These gravels usually contain much quartz 
and are much more admixed and interstratified with finer sediment than the deep gravels. 
The pebbles are also smaller and always, except close to the headwaters, well rounded and 
polished. (See PI. XXIV, B, p. 150.) These gravels indicate an epoch when the streams became 
overloaded; the extensive deposition which resulted from the overloading and the lessening of 
grades created broad flood plains over which the rivers flowed in changing channeb. The 
dbtinction between the deep gravels and the bench gravels is much more marked along the 
Tertiary Yuba River than along the streams to the south. Different conditions prevailed along 
Jura River, which flowed northward and found its outlet at a point west of Susanville. In 
tlie lower part of this stream, from the vicinity of Taylorsville to Mountain Meadows, the lowest 
deposits consist of beds of sand, in some places with lignite; above this he about 100 feet of 
coarse auriferous gravels. Near the old outlet the tliickness of the prevolcanic deposits increases 
greatly. According to Diller 400 feet of sand is exposed, and this is covered by heavy prevolcanic 
gravels. 

As more fully stated in chapter 3, the age of the bench gravels is believed to be Miocene, 
the determination being based on large collections of fossil leaves. 
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VOLCANIC AND INTERVOLCANIC DEPOSITS. 

RJiyolitic tuffs, — Sweeping down the main river channels from the vents in the high Sierra, 
flows of white rhyoUte, accpmpanied by large masses of rhyoHtic tuff, of clayey and sandy 
character, covered the bench gravels. These rhyolitic flows attain on the middle slopes a 
maximum depth of about 200 feet; higher up they are much heavier. Much of this tuff is in 
the mining region designated as pipe clay or chalk. 

Gravels of the rhyolitic epoch, — ^The rhyolitic flows had the effect of damming many lateral 
streams, thus causing immediately accumulations of gravels, clay, and sands. During the 
intervals between the rhyoUtic eruptions the streams cut down new channels in the soft material 
and accumulated masses of gravel in their new beds. All these detrital masses of gravel, sand, 
and clay, generally of a finer character than the bench grp.vels and usually containing rhyolitic 
pebbles, are designated as the ^ ^gravels of the rhyoUtic period," or '^interrhyoUtic gravels." In 
^ many places, such as Nevada City, Nevada County, and the Long Canyon divide, Placer County, 
the rhyoUtic gravels attain a thickness of several hundred feet. 

Andesitic tuffs ajid tuffaceous breccias. — After the close of the rhyoUtic eruptions the vol- 
canoes along the summit of the range began to emit andesitic lavas and successively a great 
number of thin flows poured down the river valleys. Only near the summits, however, are 
massive flows and breccias found. (See PI. VI.) Over the greater part of the slope the erup- 
tions assumed the form of mud flows, at first as sandy and clayey masses but later mixed with a 
great quantity of larger angular or subangular fragments of hornblende and pyroxene andesites, 
so that at last ^he greater part of the slope, except the higher ridges, was covered and the rivers 
were forced to seek entirely new channels. The tliickness of the andesitic flows is usually 
less than 200 feet along the valley border; on the middle slopes the average thickness is about 
500 feet; and high^n the range, in the Truckee quadrangle, for instance, a thickness of 1,000 to 
1,500 feet was attained. 

Gravels of the andesitic epoch. — The epoch of the andesitic eruptions extended over a con- 
siderable time interval and between the various flows the rivers continued their work and 
deposited gravels. The tilting of the slope of the Sierra Nevada evidently began at the close 
of the rhyoUtic epoch, for the interandcsitic streams possessed an exceecUngly active power of 
erosion. Sharp V-shaped canyons were cut tlu-ough the older beds and in some places even 
down into the solid bedrock to a depth of about 100 feet. Tlie new channels differed consid- 
erably in direction from the prevolcanic streams, but most of them still foUowed the samegeneral 
vaUeys. In the bottom of these sharply cut channels a few feet of gravel accumulated along 
stretches with less grade. These are the * ^gravels of the andesitic epoch," or *^ the interandesitic 
gravels." 

Although evidences of such an epoch of erosion are found nearly everywhere along the 
slope, they are conspicuous only in certain places where erosion was deep and gold has accu- 
mulated. In the main drainage area of the Tertiary Yuba River the outlet must have been 
tlirough the narrow transverse channel from French Corral to Smartsville, and deep interandesitic 
channels are not found except high up toward the divide near Forest City and other places in 
Sierra County. On the Forest Hill divide, however, the tilting effected an overflow directly 
down the slope by way of Peckham Hill, and in consequence the interandesitic erosion is par- 
ticularly well shown in this vicinity. 

Along the Tertiary Calaveras River the interandesitic channels are generally absent, except 
in one of the tributary systems near Mokelumne HiU. In this drainage basin, however, the 
conditions were similar to those on the Forest Hill divide; an outlet directly dowTi the slope was 
established for a short time before the last flow, and this is marked by the sharply eroded channel 
underlying the Tuolmnne Table Mountain. During this brief epoch a stream was established 
which had its source near the Dardanelles and its outlet at Knights Ferry, on the Stanislaus, 
and which squarely intersected the old Tertiary Calaveras River just east of VaUecito. With 
the last flows, however, this channel was abandoned and the course of the present Stanislaus 
River was laid out. 
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PhotOEfrapVi by J. M. Boutwel 



B. HVORAULIC PIT IN DARDANELLES MINE, FOREST HILL, PLACER COUNTY. 

Bedrock of entire deep channel laid bare by mining;. In the distance is seen a thyolitic channel cross 
early Tertiary channel. Photograph by J. M. Boutwell. See page 150. 
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Photograph by H. W. Turner. See page i2. 



Devils Peak in the background and Snc 
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TERTIARY AND QTTATERNAJIT IGNEOUS ROCKS. 

The occurrence and distribution of the Tertiary and Quaternary igjieous rocks have been 
outlined in a broad way on pages 25-27. It is not intended to present a full petrographic 
description of these rocks, but their succession will be mentioned in somewhat greater detail in 
the following paragraphs. Much information on this subject is foimd in the writings of Turner/ 
who also quotes a considerable nimiber of analyses. 

. Within the parts of the range here considered the following succession of late igneous rocks 
has been recognized: 

1. Rhyolite, massive and fragmental. 

2. Older basalt and latite, massive. 

3. Hornblende-pyroxene andesite; tuffs, breccias, and smaller amoimts of massive rocks. 

4. Pyroxene andesite, fine grained and massive. 

5. Doleritic basalt, coarse grained and massive. 

6. Basalt, massive. 

The last division, that of the normal basalt, belongs in the Quaternary period. 

Rhjolite. — The rhyolitic flows occupy small areas, chiefly following the Tertiary River 
valle^^s. The massive rocks are of light-gray to pink color and of fine grain and show small 
crystals of quartz and sanidine in a streaky and glassy groundmass. Rarely a little brown 
mica appears. In the upper regions the rhyolite is massive but has a tendency toward changing 
into tuflfaceous forms and it is often difficult to decide whether a particular specimen should be 
considered as a massive rock or a tuff. Farther down the slope the tuffs grade into light- 
colored or wliite sandy and clayey beds (PL XXIV, J., p. 150). According to numerous 
anah^ses given by Turner the rhyolites are typical rocks of their kind, the percentage of silica 
ranging from 70 to 73, that of potash from 4 to 5.50, and that of soda from 1 to 3.50; the lime 
is about 1 per cent. 

The rhyolitic volcanoes were scattered along the summit region from Sierra County to 
Tuolumne County. Important foci of eruption are noted at Haskell Peak, in Sierra County; at 
Summit, in Nevada County; near Silver Lake, in Eldorado County; and probably at several 
points in Tuolumne County in the Dardanelles quadrangle. The two most important points of 
eruption were those at Summit and near Silver Lake, for they furnished the material which 
flooded the Tertiary streams in the Colfax and Placerville quadrangle. Along the western slope 
of the range and along the eastern escarpment few rhyolitic eruptions took place. It is not 
certain, indeed, whether there is a single locality of eruption along the western slope, except 
possibly at a place near Jackson Butte, north of Mokelimfine Hill, where Turner reports a peculiar 
craterlike depression, filled with rhyolitic tuff. 

Older bdsali, — In Butte and Plumas counties there are extensive flat-topped ridges covered 
by a dense black basalt which at many places is capped by andesitic flows. Oroville Table 
Mountain belongs to this group, and further exposures are seen near Mount Ingalls and thence 
down the slope in the direction of Orovifle. These rocks contain about 51 per cent of silica, 
4 per cent of magnesia, 2 per cent of potash, and 3 per cent of soda. They are high in lime and 
iron. The principal place of eruption was undoubtedly in the northern part of the Downieville 
quadrangle, but there are some indications that this or a similar rock was erupted in the vicinity 
of the Table Mountain at Oroville.^ 

The latite of Tuolumne Table Mountain belongs in the same class, but contains more potash; 
this substance is mainly concentrated in the groundmass. 

Turner believes that this early basalt followed the rhyolite in time of eruption. The latite 
is of interandesitic age and originated in the summit region of Tuolumne Coimty. 

Andesite, — The general character of the andesitic flows and their associated beds of volcanic 
conglomerates and sands has already been mentioned. By far the greater part of the andesite 

1 Tomer, H. W., The rocks of the Sierra Nevada: Foarteenth Ann. Rept U. S. Oeol. Survey, pt. 2, 1894, pp. 484-495; Further contributiona 
to the geology of the Sierra Nevada: Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 1, 1896, pp. 540-643, 613-616; The age and suooession of the 
Igneous rockfl of the Sierra Nevada: Jour. Geology, vol. 3, 1895, pp. 385-414. 

* Turner, H. W., Further contributions to the geology of the Sierra Nevada: Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 1, 1896, p. 543. 
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toccurs in the form of a tuffaceous breccia in numerous superimposed flows. These breccias mus 
have issued from fissures near the summit of the range and were, either before their eruption or 
at the time of issue, mixed with enormous quantities of water, forming mud flows sufficiently 
fluid to spread down the slope for distances of 50 or 60 miles. The derivation of the water and 
the exact mode of eruption are difficult to determine. In endeavoring to explain them Turner 
has described some similar mud flows from volcanoes active within recent time in Java and 
Japan.^ 

Toward the summits the breccias gradually lose their stratified character and become more 
firmly cemented. Over large areas in the Truckee quadrangle the andesitic masses consist of 
breccias containing numerous dikes and necks of massive andesite. 

The andesite is a rough and porous rock of dark-gray to dark-brown color. Phenocrysts 
of plagioclase, augite, and hypersthene are always present, and in many rocks hornblende appears 
as small black needles. The groundmass has a structure varying from glassy to very fine 
grained holocrystalline. Biotite is of very rare occurrence. Olivine is present here and there 
in the pyroxene andesites, which locally merge into fine-grained varieties allied to basalts. Ande- 
sites containing mainly hornblende occur in places and are of lighter-gray color. 

The analyses show the andesites to be an intermediate rock, with silica ranging from 65 to 
67 per cent, from 5 to 8 per cent of lime, 1.5 to 2.5 per cent of potash, and 3.5 to 4.5 per cent of 
soda. Trachytic modifications are rare, though Turner' mentions some rocks containing 
biotite which carry as much as 5 per cent of potash. The rocks thus correspond fairly well 
to the granodiorites among the older granular rocks. On the whole the andesites, however, 
contain somewhat less silica and more calcium. 

Tl\e andesitic volcanoes were mainly located along the crest of the Sierra — in fact, almost 
continuously from Thompson Peak, west of Honey Lake, down to latitude 38° 10'. Farther 
south the eruptions diminished greatly in intensity. In the Downieville quadrangle important 
eruptive centers are found at Mount Ingalls, Grizzly Peak, and the group of old volcanoes 
around Mount Fillmore, near the line between Plumas and Sierra counties. The Mount 
Fillmore locality is farther west than most of the others, but still lies in the higher part of the 
range. North and south of Sierra Valley were numerous foci of eruption. Along the first 
summit of the range west of Lake Tahoe the greatest number of vents are found. Beginning 
at Webber I^ake on the north, they include Mount Lola, Castle Peak, Mount Lincoln, Tinker 
Knob, Moimt Mildred, and Twin Peak. The andesitic masses here in places attain a thickness 
of 2,000 feet. An interval follows in the northern part of the Pyramid Peak quadrangle where 
no important volcanoes were located, but they appear again in full force in Alpine County. 
Round Top, attaining an elevation of 10,430 feet, and the adjacent peaks were the sources of 
the enormous flows which covered a large part of Eldorado County. Still another volcanic 
complex with many eruptive vents is that situated in the western part of Alpine County, near 
Markleeville, which culminates in Highland Peak and Raymond Peak (PI. VII, A), the former 
almost reaching 11,000 feet. The total thickness of the volcanic flows in this locality is as much 
as 4,000 feet. 

The andesitic eruptions continued south of Alpine County, and one of the main vents 
was located in the picturesque bluffs known as the Dardanelles. 

Along the eastern range of the Sierra Nevada, east of Lake Tahoe, there are a few smaller 
bodies of eruptive rocks. At its north end, however, southwest of Reno, another large ande- 
sitic volcano poured forth lavas which extend between the Truckee River canyon and the 
Washoe Valley. In the region extending northward from Lake Tahoe to Sierra Valley enor- 
mous andesitic eruptions took place, and the products of these volcanoes are now piled up as 
high mountains, among which Mount Pluto nearly attains 9,000 feet. 

None of the craters of these volcanoes are preserved, and at the time of their greatest 
activity they may have reached a height of several thousand feet above the present summits. 

1 Turner, II. W., Further contributions to the geology of the Sierra Nevada: Seventeenth Ann. Bept. U. S. Geol. Survey, pt. 1, 1896, pp. 
537-^39. 
s Idem, p. 698. 
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Comparatively few andesitic vents are known on the long western slope of the range. 
At two places in the Jackson quadrangle in Calaveras County, known as Golden Gate Hill and 
Jackson Butte, small eruptions of andesite took place. The products of these vents are dis- 
tinguished from the surrounding tuff breccias by their massive structure. 

Fine-Drained pyroxene andesite. — In the Downieville and Bidwell Bar quadrangles erup- 
tions of a dense fine-grained gray lava, which usually weathers with strong lamination, took 
place in several localities. This fine-grained andesite covers the tuffaceous breccia at Table 
Mountain near Forest City, on the ridges north of Downieville, and at several places farther 
west. This rock is not far removed from a basalt but contains from 57 to 67 per cent of silica. 

Doleritic basalt. — ^The coarse basalts of Mount Ingalls are believed by Turner to belong to 
early Pleistocene time. This lava, which from the analysis given appears to be a normal basalt, 
is not found elsewhere. 

Quaternary baaaJie. — ^The Quaternary plagioclase basalts are normal rocks of their kind and 
usually contain olivine. They were erupted from numerous v.ents during the period of erosion 
which followed the eruption of the andesite. Some of them lie on the slopes of the canyons, 
their position indicating that they were erupted before the present depth had been attained. 
At the north end of the range, around Lassen Peak, the basaltic rocks cover enormous areas and 
many of the craters are still preserved. These basalts extend as far south as Susanville. In 
the Truckee quadrangle, 40 mUes farther south, the next large eruptions of basalt took place. 
They form comparatively thin sheets which flowed down into the center of Truckee Valley over 
the eroded surface of the andesite. Farther south small areas of basalt occur here and there 
over the western slope of the Sierra Nevada. Such local vents are found at several places 
in the Bidwell Bar quadrangle, at two places in Colfax quadrangle, west of Tells Peak in the 
Pyramid Peak quadrangle, and north of Mokelumne River in the Big Trees quadrangle. The 
areas are, however, insignificant. 

Quaternary rhyolite. — ^The Quaternary basalt closes the series of eruptions in the Sierra 
Nevada proper, but it is interesting to recall that immediately east of the eastern scarp of the 
range south of Mono Lake there are a number of rhyolitic vents with well-preserved though 
small volcanic cones, which evidently were active during Quaternary time. 

TEBTIABY DBAIKAGB SYSTEM. 

Oeneral features. — The drainage lines of the Tertiary range corresponding to the Sierra 
Nevada extended in two directions. The first and more important was toward the west and 
is represented by at least five main streams that emptied into the gulf which then occupied 
the Great Valley. The second direction of drainage was toward the north and is represented 
by the stream to which the name Jura River has been given. This headed near Meadow Lake, 
in Nevada County, in the present summit region, and, taking a course slightly west of north, 
emptied a few miles west of Susanville into a bay of the sea or possibly into a lake, whose 
extent and relation can not now be ascertained on account of the lavas that cover its sediments 
to the north. At any rate, the conditions of discharge were radically different in the two 
basins, for while on the west side, toward the Sacramento Valley, the lowest gravels in the 
troughs of the rivers are coarse and compact, the lowest deposits in the most northerly reaches 
of Jura River were sandy and contain beds of lignite. Undoubtedly the eastern slope of the 
Tertiary range was also drained by a system of rivers, but the erosion has left little evidence 
of its character. 

The present rivers of the western slope have generally a southwesterly direction corre- 
sponding to the present strongly pronounced slope of the range. Only in places, as in the upper 
part of Feather River, the middle Yuba River, and the uppermost part of Rubicon River, 
do they swing around to north-northwest, corresponding to the trend of the range. On Feather 
River this change of direction is due mainly to post-Miocene dislocations, but the courses of 
the Yuba and Rubicon were determined by the pre-Tertiary structure of the range. 

88337**— No. 73—11 8 
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The pre-Tertiary erosion emphasized the longitudinal structure, and this found expression 
in the courses of the ancient streams. The range had a much lower elevation than at present. 
Along the western margin the most prominent feature consisted in the abrupt greenstone ridges 
which from Mariposa County to Butte County followed the valley Une. West of these ridges 
was a series of depressions which rose toward the east into an undulating plateau, and this 
was surmounted by a much higher ridge of flat-topped hills. In general the rivers broke through 
the greenstone ridges of the foothills in deep and rocky narrow valleys, but east of these ridges 
followed the central depression for longer or shorter distances. Farther upstream they again 
bent to the east, and their sources lay in the highest ridge of the Tertiary range. 

From north to south, principal streams described below have been recognized on the 
western slope. (See PI. I, in pocket; fig. 3, p. 40.) 

Magcdia channel. — A minor watercourse, which may be termed Magalia River, had its source 
in the northwestern part of the Bidwell Bar quadrangle and its outlet near Centerville, a few 
miles northeast of Chico. It flowed in a narrow canyon-like valley, rapidly widening at Cen- 
terville, where also large masses of gravel began to accumulate. Where exposed by mining 
operations near Magalia the channel was found to be filled with large bowlders and coarse sand, 
but the total depth of the prevolcanic deposits is probably not more than 50 or 75 feet. 

Stream near Cherokee, — ^A somewhat similar but shorter stream is well exposed near the 
valley border at Cherokee. It shows the same characteristic of coarse, heavy bowlders resting 
in a well-defined though not V-shaped depression. The depth of this coarse gravel is 35 feet, 
and above it Ues about 250 feet of sand and clay of the lone formation. 

Yuba River, — ^The Tertiary Yuba River was the largest of the streams draining the western 
slope. Its headwaters extended from the southern part of Plumas County southward to the 
dividing line between Placer and Eldorado counties on upper Rubicon River, a distance of 
about 60 miles. Its outlet, Uke that of its present equivalent, was near Smartsville, in Yuba 
County, at the valley border. Its course from North San Juan to Smartsville was southwest- 
ward for 20 miles; in this distance the united branches of the river broke through the greenstone 
ridges of the foothills in a valley, which, as can be seen at Smartsville and French Corral, had a 
depth of more than 1,000 feet. At Smartsville the bed of the Tertiary river was 200 feet above 
the present Yuba; at North San Juan about 700 feet. Coarse gravels to a depth of 170 feet filled 
this old trough and they are directly overlain by andesitic gravels and tuffs. Between French 
Corral and North San Juan the average thickness of the gravels was probably 200 feet. 

Above North San Juan the river began to branch. An important tributary came down 
from the vicinity of Gibsonville, in Sierra County, by way of Camptonville. Heavy gravels of 
prevolcanic age are also present along this branch. At Poverty Hill the trough is filled to a 
depth of 25 feet with coarse gravel and large bowlders, above which lies a wide body of fine 
quartz gravel up to 120 feet in thickness. At La Porte the gravels are 130 feet thick and in 
the upper part consist of fine quartz gravels, in places mixed with thick beds of clay. Through- 
out the distance from La Porte to Smartsville the direction is southwest and the grade averages 
100 feet per mile, though above La Porte it locally increases to 170 feet. The headwaters of 
the northern branch can not be traced to their sources, for at Gibsonville the channel is cut off 
by the canyon of the South Fork of Feather River, beyond which dislocations make further 
tracing impossible. Moreover, this locaUty is near a volcanic region whose eruptions have dis- 
turbed the old stream beds. 

From North San Juan, or a short distance east of it, the trend of the river going upstream 
turned abruptly to the southeast and for 25 or 30 miles followed a longitudinal depression par- 
allel to the crest of the range; this direction continued as far south as Forest Hill. In this old 
depression the heaviest gravels found within the range have accumulated. They were contrib- 
uted by numerous streams from the east and apparently held back as if by a dam by the narrow 
canyon of the lower, transverse river course. At North Columbia the depth along the center 
of the channel is from 400 to 500 feet. The gravel in the deepest trough is coarse and in places 
bowldery, but the top gravels spread out over the benches are fine and more quartzose. At 
North Bloomfield, on a tributary that joined the main river at North Columbia, the deepest 
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gravel is 130 feet thick and this is capped by light-colored clay and sand interstratified with 
fine gravel; the thickness of these finer sediments may reach 150 feet. At You Bet and Little 
York the deep gravel is coarse and cemented and as much as 40 feet in thickness and is capped 
by up to 350 feet of fine gravel with some clay and sand. At Iowa Hill the sharply defined 
river trough is filled with 200 feet of coarse gravel covered by 200 feet of quartzose bench gravels 
of finer grain. These figures will suffice to give an idea of the great depth of the prevolcanic 
accumulations in this longitudinal trough. 

Throughout the distance from Badger Hill upstream to Forest Hill the grade is very slight 
and locally reversed wherever the stream trended eastward of the line parallel with the slope 
of the range. In a distance of 30 miles the total fall was about 250 feet^ which would average 
8 feet to the mile. At Forest Hill the stream bends sharply to a general easterly direction and 
* its upper course can be traced continuously for 40 miles to the vicinity of Castle Peak, just 
north of the Central Pacific Railroad. The thickness of the prevolcanic gravels rapidly decreases 
upstream,, and near its headwaters the channel contains practically no detritus. The grade 
remains about 100 feet to the mile for most of the distance, but north of Soda Springs it rises 
to 200 feet to the mile, and the absence of gravel, tlie depth of the old canyons now filled by 
volcanic rocks, and the abrupt slopes all point to the fact that the actual source of the stream 
has been reached. The total distance along the course from Castle Peak to Smartsville is not 
less than 100 miles. 

It has been stated that throughout the longitudinal portion of its course the river received 
numerous tributaries from the east. In all of these similar conditions can be traced — that is, 
gradual decrease of thickness of gravel and corresponding increase in depth of the valleys and 
slope of the declivities. For detailed information the reader is referred to another part of 
this report. One of the main tributaries can be traced upward by way of North Bloomfield, 
Moores Flat, and American Hill, and possibly as far up as Meadow Lake; but there is some doubt 
whether the upper part of this drainage did not rather belong to the northward-flowing Jura 
River. Laterals to this stream were received by way of Forest, Alleghany, and Minnesota; 
also by way of Relief Hill, Alpha, Omega, and Emigrant Gap. 

Other tributaries to the main stream are traced upward from Dutch Flat to Remington 
Hill and from Dutch Flat to Shady Run and Blue Canyon. Lastly should be mentioned the 
tributary extending from Damascus to Michigan Bluff, which contains the "white channel" 
that has been mined so successfully at the Hidden Treasure mine. Throughout the course of 
the Yuba River of Tertiary time an absolute and unfailing dependence of the present grade on 
the direction of the ancient stream can be traced; wherever it trended southwest the grade is 
from 80 to 120 ffeet to the mile; where the trend was to the northwest the grade is diminished 
to low figures, rarely more than 30 feet to the mile and usually much less. 

The most southerly branch of the river crossed the present Rubicon River and headed in 
Union Valley, in the Pyramid Peak quadrangle, not far from the South Fork of the present 
American River. 

American River, — The Tertiary streams to the south of the Yuba occupied smaller drainage 
areas, their transverse direction was more emphasized, and the prevolcanic gravels found in 
the deepest depressions are of far smaller volume than those of Yuba River. In many parts 
of their courses there are only a few feet of such gravels and only exceptionally are they more 
than 50 feet in depth. On the other hand, the interrhyoUtic gravels along these streams are of 
great extent and thickness. 

The Tertiary American River had its outlet near .RoseviUe, in Placer County, where the 
gravels have been mined at the Lee mine. Most of the accumulations in the low foothills have, 
however, been removed by erosion. In the upstream direction the course of the river trended 
to the northeast for 12 miles and then passed through the gap at Pilot Hill, whence it turned 
sharply southeast, following a longitudinal depression behind the high greenstone ridges of the 
foothills. This direction continued for 15 miles with slight grades of 18 to 55 feet to the mile, 
but most of the gravels within this distance have been eroded. Farther upstream, at Placer- 
ville, the course changed to a genera.! easterly direction, which it followed up to the summit with 
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grades of 75 to 100 feet to the mile. The heaviest accumulations of gravels are found near 
Placerville. From Pacific, on the boundary line between the Placerville and Pyramid Peak 
quadrangles, eastward there are practically no gravels in the deepest depressions. The princi- 
pal fork followed closely the present South Fork of American River with strong grades up to 
160 feet to the mile. This part of the course was in a deep canyon, and where the Pyramid 
Peak Range was crossed the slopes to the north rose 3,000 feet within a distance of 3 miles 
The headwaters of this branch have been cut by the erosion of upper Truckee River, south of 
Lake Tahoe; the sources of this fork were in the Markleeville quadrangle, to the east, but its 
course east of the upper Truckee can not be traced with certainty. 

A southerly branch, not far distant from the principal fork, can be traced to its actual 
source just north of Round Top, a volcanic mountain rising to an elevation of 10,430 feet. 

Mokehimne River, — ^The Tertiary Mokelumne River had a relatively smaU drainage area; 
it emptied into the gulf in the foothiUs of northern Amador Coimty, which were reduced at this 
place to a more level surface, above which the hills rose to heights, of not more than 400 feet. 
From Plymouth westward the gravels are eroded, except for a few small patches, but above 
Plymouth the course is well marked and can be traced upstream in a nearly easterly direction 
along the boundary line of the Placerville and Jackson quadrangles; its headwaters are found 
near Mokelumne Peak, which attains an elevation of 9,371 feet. Two minor tributaries join 
the river from the north, one descending from Grizzly Flat toward Indian Diggings and the 
other a few miles farther east by way of Pi Pi Valley and Fort Grizzly. Here again the gravels 
in the upper stream courses are thin or absent and the greatest thickness is accumulated near 
Oleta, at elevations of about 2,000 feet. 

CaJavercLs River. — ^The Tertiary Calaveras River formed a stream of larger drainage area 
than the two just mentioned. Its outlet was at Valley Springs, in a gap between high greenstone 
ridges on the north and the conspicuous ranges of the Bear Mountains to the south. West of 
Valley Springs the deeper gravels are completely hidden by thick masses of the lone formation 
(Miocene) and overlying Tertiary shore gravels. Upstream the river bent sharply behind the 
greenstone ridges and followed for 15 miles a deep depression east of the Bear Mountains by way 
of San Andreas and Angels. In this distance the grade is only 28 feet to the mile and the inter- 
rhyolitic gravels are in places 200 feet thick. A smaUer but rich tributary came down from 
the north by way of Jackson and Mokelumne Hill. A second tributary descended from the 
north, following the so-called Fort Mountain channel and joining the main stream a few miles 
to the south of San Andreas. A short distance to the east of Angels, at Vallecito, thick gravels, 
principally rhyolitic, accumulated in a basin inclosed by high bedrock hills. At Vallecito the 
Tertiary channel lies about 1,200 feet above the deep canyon of the North Fork of Stanislaus 
River. The Tertiary channel crossed this fork and then assumed a general easterly direction. 
A short tributary joined it from the south, heading in the deep basin at Columbia, in Tuolumne 
County. Above Vallecito the course of the Tertiary river may be traced by means of the 
depressions in the volcanic areas, as indicated on the map (PI. I, in pocket), but the channels 
contain little or no gravel and are generally barren; the ultimate headwaters lie in the Dar- 
danelles quadrangel and have not been traced. 

Cataract River, — During the interandesitic epoch a drainage channel was established for a 
short time which followed the slope of the Sierra in a general southwesterly direction across the 
Big Trees quadrangle from Clover Meadow by way of the Calaveras Grove and Douglas Flat. 
It crossed the Tertiary river at Vallecito and the present Stanislaus River has intersected it at 
Parrott Ferry. Its further course was by way of Sonora and thence down to its outlet at Ejiights 
Ferry on the Stanislaus, where it crossed the greenstone ridges of the foothills, probably utiliz- 
ing a. part of an older watercourse. With the last andesitic flows this stream and its valley 
became obliterated and the present course of the Stanislaus was laid out. 

Tuolumne River, — ^The Tertiary Tuolumne River has been traced only through the Sonora 
and Yosemite quadrangles. The first remnant of its gravels is found at Chinese Camp, 8 miles 
south of Sonora. Most of its lower course is eroded, but the bedrock relations show that it 
must have approximately followed the course of the present Tuolunme River. In tliis latitude 
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the andesitic flows had greatly decreased in volume, and it is natural that the present rivers 
should have in the main followed the old Tertiary valleys. A number of gravel deposits which 
clearly indicate the Tertiary channel are found on the south side of Tuolumne River and about 
1,500 feet above it in the vicinity of Colfax Gate, where the present river clearly follows the pro- 
nounced southward bend of the Tertiary stream. The prevolcanic gravels have in places a^ 
thickness of 100 feet. In the Yosemite quadrangle the channel continued with a nearly east- 
northeast direction by the way of Hetch Hetchy Valley, Tiltill Valley, and Piute Creek, as traced 
by Turner. The Neocene river occupied here a rugged canyon, which, however, was not nearly 
so deep as the present canyon of the Tuolumne. The outline of the old valley, now filled with 
lava, is weU shown in Plate XXVIII (p. 218). The ultimate headwaters to the east were prob- 
ably near Moimt Dana. The grade in the upper part averages 136 feet to the mile; in a part 
of the lower course between Colfax Gate and Big Humbug Creek it is only 47 feet to the mile; 
in this stretch the channel had a northwesterly direction. Below Big Humbug Creek its prob- 
able course to Chinese Camp necessitates a grade of 93 feet to the mile. 

TEBTLABY PBEVOLCANIC ST7&FACE. 

The evidence available shows conclusively that at the time when the oldest gravels, 
probably of Eocene age, began to accumulate the Sierra Nevada was a mountain range a» 
distinct, if not as high, as at present. The rivers headed near the points where the correspond- 
ing modem rivers begin now, in a region of lofty peaks and ridges. In geologic literature it- 
has been repeatedly stated that the Tertiary surface of the Sierra Nevada is that of a pene- 
plain, a conclusion absolutely at variance with the opinions of those who have actively studied 
the range. The origin of this theory of a peneplain is probably to be traced to a hasty view 
of level lava flows obtained during the descent from the summit to the Sacramento Valley 
along the Central Pacific Railroad. How difficult it is to eradicate this conception may be' 
realized from a recent statement* by a Calif omian geologist that *' these dead rivers, which 
must have run on a low plain not far above sea level, are now found high up in the Sierra 
Nevada with their channels buried deeply under later lava flows.'' 

Our knowledge of the Tertiary and pre-Tertiary physiography of the range is mainly con- 
fined to its western slope; the eastern slope has been so changed by orogenio movements, 
principally faulting, that it is difficult to draw a definite conclusion as to its topographic fea- 
tures, but it is probable that before the dislocations along the great fault system began the 
range had a rather long easterly slope corresponding to that on the west. 

The Tertiary topography of the western slope consisted of four units. Along the valley 
line extended, a number of abrupt greenstone ridges attaining elevations of 1,500 to 4,000 feet. 
They are shown perfectly plainly in Yuba and Butte counties, for instance, by Browns Valley 
Ridge and the Oregon Hills, through which the Yuba River of Tertiary time broke through 
in a deep canyon. In Placer County an area of softer granodiorite reached the valley and in 
this vicinity — ^for instance, near Rocklin — the idea of a peneplain is more nearly realized than 
elsewhere. In Calaveras County the Tertiary Calaveras River broke through this barrier 
in a deep valley similar to that of the lower Yuba but much more abrupt ; near San Andreas, 
for instance, these greenstone ridges rose 2,000 feet above the river in a distance of 3 miles. 
Still farther south this topography is even more prominently emphasized in the Penon Blanco 
Ridge and Bullion Mountain. Some typical sections across the old valleys are given in Plate 
VIII. 

East of these high ridges there extended a series of longitudinal depressions which were 
in part followed by the rivers. In Tuolumne County is a well-marked valley of this kind 
between Colfax Gate and Big Humbug Creek, where the Tertiary river has an elevation of 
2,800 feet, while 4 miles to the northeast the high slate ridges rose above it to present eleva- 
tions of 4,500 feet. Another conspicuous longitudinal valley is that of the old Calaveras River, 
where at San Andreas the similar high slate ridges rose nearly 2,000 feet to the east of the river. 

t Smith, J. P., Salient events in the geologic history of California: Science, new aer., vol. 30, 1909, pp. 346-351. 
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Tir.iTt^ xzii iT-MT * Iltzv^ inr: ^-f Ti>»' Biz Tr»«« ciiAiirtnzle. TUe t-UreAO-like --faAracter is 

^^fc-"^ — r*^r-« r wi_ ^i.tiT iLic lij? T^rtLkiy rrrer^ Li^i r^it di-wn weli-«i«*dijefi brosi«i vili^ys in this 

T^L-is •Li.::f??tn. ic? we^ll a:* :r>? V.-z^zri iinjl •i-e'rn»ta&i»:«n to th<t wipst of it. l]^c:unie &DOii^ with 
t^-ki'.TTi^ :f iTji'-s.iif* Li^is wLi'L- of niurse. ertic^i to a £n?Al extent the pn^TertiAiy top^^r- 
rLch7. 3tz«i tij*se z»^:i'ly ^I'.ici^ ijw? zr^e. wfcea vieweti from a distAnr^. the impressi»:»n 
•:c ± p*?c*m: i.tr", Tj in ■'/-tserrer stAC^iin^: on* prr.rniijeat pi>int in the fr»:.-: hills — for instADce. 
ti B^irmer H ! rie^r X-*v*ii. City, or on dh simiLir hizh pi>Lnt ne^r Aubam — the topogimphic 
r^L^riiicji s^-k^fi '.ct ^ery «!L»rAriy- Loz-kr::^ tow^pi the east he wiK >ee ibove the deep c*nyons 
:c th»* n:i>i-*rti ri-r^rs the hrr-AiL ist Iat* i;.L»teAas c^iccinz e^ch su-rreedinsr ri^ise. Above 
thf*?5e 5& A sery?* cc hf:rh p'e:iis ±r>l ridges situAte»i ne^r the sammit of the r^xze. Tbese rilspes 
rise ^zrizrly Ar»ve the lA^i rLiCe^a ^n^i their sununits Attain elevations rfcagir.g fnnn 7.«»> 
to I : >:0 f-»et- See PL XTX. A p. 134. When the TerdAry rivers Are traced bdhck to this 
r»2i:a they *re f •■i::#i to •>!irupy deep c*ny.>ris atjuI their ^m^iients rise tmtil their actn^ head- 
iTi'er? CAa be •i::5*>'rT>*«L 

An exiinirLit&i'n of the 2r»?t:.[.:.cur ni±D of the spr-l-J belt PL I. in i>ocket mill show th^t this 
An«!ient re-zijc. of the highest be«iroek pesiks d^i-es n->t exactly ci:«iiici«ie mith the present summit 
of the rkTuze. Thej rise to uniform elevAtii>ris. the isoLited pe^ks Are gecenkliy flAt-topoed. 
*nii their rtfiz**s h-ive Likewise Appp>ximAteiy Wvel summits. 

Be^dnnin^r ±t the E»>rth. the £r^t elevAtioas of this kicd Are found in the Grizzhr Mcun- 

— * 

t.iins. in the niinhem r-^xrx of the l>)wnieville quA«ir:in:He: their level stnnmits. ci>nsistin^ of 
•:ji ZTeenst.ine And Cirroniferoos sLites, Are o:*nsrieuoiis, A few nii:^?s farther south beeins 
i^.ther zr«:'=iinent ri-ize whi«:h cuiminAtes. with An elevAtion of S.615 feet, in the Sie rr* Buttes. 

« — 

All these eminen-'es Are ^iktinictly within the upper drAin*;^ of the present Feather And Yu^ 



In the C«:1:ax q'j.i*irAnrie we h^ve Ptnoli Pe^k. English Mount Ain. Grouse Ki«ii:e. And 
^'^.t\ Peak, ill fT^'Ci 7.5«>:» to >.'»> feet in elevation. In the Tmckee quadnin^.e the old rid^e 
is ret,r»»senteti ^v Snow Mountain And MoKinstry Peak. And we here Aron>Ach the mAin divi-ie 
of th^ r^nire. wLi* h. however, is mArke^i rather by hirf: ri.ij::*?s o: An i.esi:e representing dissected 
TertiATT v.:.v:An-:*»s th^n by hizh eminenves of the ol ier n>:ks. In the PyrAmid PeAk quAd- 
nj:^le. in the «iire*:t southwani extension of the hijrh re-zion. lies the Pymniid Peak Rlnce, 
wh:* h in ef&»*': is a lonz n«ij:e of STAnite rising steeply to elevatioias of 9.*>.0 And 10,t>» feet 
Ar»ve A erAnitif* pliiteau. To the eAst of the PyrAniid PeAk RAn^ Are. however, a number 
of r«>ints of similar elevatiocs: m'>st conspicuous Amon^ them And overlookir^ LAke TAhoe 
•tAnd II unt Tallac And the a«:j Mrin g ri izvs. 

S-Uth of the S>uth F^»rk of AmericAn River hich riti^es cvmtinue to iLokelumne PeAk, 
bet =*:uth of this p»>int it is d-^ubtrul whether the old oavide CAn be foUowed. 

We hAve then here, extending for 1=»> miles. An old And greatly erodrd summit line which 
d'-es r»t ci.in-'ide with the present divide of the rAn:i:e. Xei:her does it entirely coincide with 
the Tertiiry ^iiviie of E«x*ene or Miocene time. It i? tme that at the north tbJs rid^ divided 
the iirAinAze ba^in of the westwani-dowin^ Yuba River from that of the northwArd-flowin^ 
JurA River; but in the vicinity of the Centnd Paoinc Railrv^ad we tind thit a brAnch of the 
Yuh^ River cut thr'.v^:rfi this old ri i^ s.:.utheAst of Snow Mountain and heade.1 several miles to 
the eAst of that Ancif nt summit line. See PL I. in |Kx-ket. SimlLtr cv^n.iitions prevAiIed in the 
PvTAmi i Peak qua drAn^le. where the main fork of the Tertiary American River broke through 
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the Pyramid Peak Range in a deep canyon. Its headwaters extended much farther east and 
are probably to be found at some place in Alpine County, in the Markleeville quadrangle. 

To the west of this old divide a mmiber of flat-topped mountains rise to elevations of about 
6,000 feet; prominent among these are Robbs Peak, in Eldorado Coimty; Canada HiU, Bald 
Moimtain, or Duncan Peak, in Placer County ; and several others. Most of th6se peaks consist 
of harder masses of metamorphic slate which have resisted erosion better than the granodiorite. 

All these level-topped peaks and ridges, rising prominently above the general surface of 
Tertiary time, undoubtedly indicate a far older eroded siuface, uplifted and dissected long 
before the auriferous gravels were deposited or the lava flows extruded. 

The important fact that the Tertiary rivers cut back behind this pre-Tertiary divide and 
robbed the streams to the east of it indicates that the eastern slope at one time had a slighter 
grade than the western; in other words, the western streams were superior in eroding power. 

The exact age of this ancient topographic siu*face is difflcult to ascertain. It assuredly 
antedated the Eocene and it may be early Cretaceous. The line of high peaks indicated above 
is believed to represent the crest line of the Sierra Nevada in Cretaceous time. (See PI. XVIII, 
p. 134.) 

EASTEBN FAULT SYSTEM. 
OUTLINE OF SYSTEM. 

The great fault which delimits the Sierra Nevada from the Great Basin on the east has 
attracted the attention of every geologist who has studied the range. It finds expression in an 
imposing scarp which can be followed from a point about 40 miles south of Owens Lake, in 
latitude 35° 30', to Honey Lake, in latitude 40° 20', a total distance of 350 miles. (See fig. 3.) 
When studied in detail it proves to be a complicated fault system produced by a number of 
successive movements. 

The south end of the fault line bends sharply to the west and gradually loses itself toward 
Tehachapi Pass. North of Honey Lake the fault is covered by heavy masses of Quaternary 
lava. The fault scarp is most imposing south of Owens Lake, where it descends abruptly from 
elevations of 11,000 feet to 3,569 feet. From Owens Lake the fault scarp can be followed almost 
continuously to Mono Lake, which also lies at its immediate foot. From Mono Lake northward 
instead of a single fault there is a system of dislocations, spreading out northward, each dis- 
location being usually offset from the next by a few miles, en Echelon. Tlie main fault continues 
only for about 50 miles northwest of Mono Lake and is still apparent by its steep escarpment on 
the west side of West Walker River near the California-Nevada boundary line. About 10 miles 
to the north of Markleeville begins another fault line which extends northward in Nevada to 
a point a few miles south of Reno. Another offset of a few miles probably exists here, although 
the covering Tertiary andesites veil much of the structure. From a point about 10 miles 
west of Reno, near the State line, an escarpment indicating a fault extends at first in a northerly 
direction, but with some irregularities which indicate the existence of several parallel faults. 
From Long Valley to a point near Susanville the extremely well marked fault scarp runs in a 
northwesterly direction but within a short distance diminishes in height and becomes covered 
by lavas. 

From Lake Tahoe northward a series of gradually diverging faults extend toward Plumas 
County. The first is indicated by the eastern shore of Lake Tahoe but dies out a short dis- 
tance south of the Lake. To the north it continues with a slight offset at the north end of the 
lake and forms a westward-facing escarpment extending in all 70 miles northward to the east 
side of Sierra Valley. A similar fault, but with a scarp facing eastward, begins a few miles south 
of Lake Tahoe and continues northward along the west side of the lake though locally obscured 
by heavy masses of andesites. This fault line skirts the southwest side of Sierra Valley and 
here bends more sharply to the northwest. It has been identified along the west side of Mohawk 
Valley and is probably continued to the northwest as far as Quincy. A third fault line, not so 
conspicuous as the one just mentioned, lies about 18 miles to the southwest of Mohawk Valley; 
it begins near La Porte and continues for 20 miles to the northwest. An intermediate disturbance 
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appears between the two lines and fault scarps belonging to it may be observed in the vicinity 
of Meadow Valley. In this northern part of the Sierra appears a feature which is not noted 
in the southern part of the range; that is, a number of local depressions along fault lines, forming 
small closed valleys. The most prominent among these are Meadow Valley, Indian Valley 
and American Valley, all in Plumas County. 

In the great lava fields of the Lassen Peak region, north of the last exposures of the '^ Bed- 
rock series" along the North Fork of Feather River, J. S. DiQer has noted a number of short 
fault lines in the general extension of those of the Sierra Nevada, but they can not be traced 
far nor are the dislocations along them considerable. 

The whole system of fault lines, as briefly described above, is outlined on Plate I (in pocket). 
Along the main eastern line the height of the scarp gradually decreases toward the north. From 
heights of 5,000 to 6,000 feet the scarps are reduced to declivities of about 2,000 feet at Honey 
Lake. Similarly, the dislocations diminish in throw toward the west and along the last fault 
line at La Porte the dislocation is only about 200 feet. 

CHARACTER OT DISLOCATIONS. 

In a number of places where comparatively recent displacements have occurred it is possible 
to ascertain the character and the direction of the movement. A noteworthy feature is that 
the bottom of the fault scarp is closely hugged by the depressions. The waves of Mono Lake 
break against the foot of the escarpment. In Antelope Valley, West Walker River runs at its 
foot and no debris fans from the ravines in the escarpment are visible. Exactly the same may 
be said of the imposing escarpment at Grenoa, south of Carson, where the marshes of Carson 
River mark the foot of the steep face of the slope and at Franktown, where the Washoe Valley 
lies in a similar position. At Honey Lake the same conditions are repeated. 

All this shows clearly that the dislocation along this line consists in a sinking of the eastern 
blocks. Nowhere can any evidence be found substantiating the theory that the faidt scarp 
has been formed by an uplift of the western block. 

In many publications the greatly increased grade of the Tertiary rivers and of the surface 
of the range as a whole is ascribed to an uplift of the range along the eastern break, accom- 
panied by a tilting of this lifted block. An inspection of the profiles across the range shown 
in Plate IX (in pocket), will easily convince the observer that such an explanation is wholly 
untenable. East of Lake Tahoe the total displacement by the faulting which occurred in late 
Tertiary time just before the andesitic eruptions amounted to only 2,200 feet. Such an 
uplift would be utterly insufiicient to change the grade of the western Tertiary rivers from say 
20 feet to the mile to 90 or 100 feet to the mile. All tliis strengthens the belief that we have 
here to deal with a composite movement, the upward element affecting a large area and the 
downward element consisting in the local sinking of moats (graben). 

TIME OF MOVEMENT. 

The main break along the east side of the range is one of great antiquity, probably dating 
back at least to the last part of the Cretaceous, but movements have recurred at different times 
and the fault system became greatly extended by additional breaks at the close of the 
Tertiary, Post-Tertiary and recent movements have taken place in many localities. 

The testimony furnished by the Tertiary rivers on the western slope indicates unmistakably 
that a tilting movement took place during the andesitic eruptions in late Tertiary time, shortly 
after the close of the rhyoUtic eruptions. Approximately corresponding to this movement in 
time was extensive faulting and displacement along the eastern border, and it was held for many 
years that the entire eastern scarp was then formed. More detailed investigations have dis- 
proved these views and have shown that at the time of the deposition of the auriferous gravels, 
before the volcanic eruptions, the present fault lines were in the main established. The rela- 
tions of the contact lines between the andesites and the imderlying rocks show that the scarp 
extending along the west side of Lake Tahoe existed before the volcanic eruption. This testimony 
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U ^H\rr\^lH\n^tiHi by «i i^tuily of tho channels, which can be traced back to their headwaters along 
« divi\K^ OYt>rKHvkii\u tho Uko that practically coincides with the present summit of the range, 
t^u^ »amo in tnio of tho fault line on the east side of the lake, and there is a very strong proba- 
bility that tho principal fault line, facing the Great Basin, was also defined before the Tertiary 
jh^HxhIx IVfwn^ tht'^ omption of the great masses of andesites in the Tnickee Valley and the 
a\vumulatiou of Quatomary and Tertiary detritus in Sierra Valley the two depressions formed a 
\\M\tiuuous **j;ttaUMr* lx^t\vtH*n two fault st*ari>s and )>robabIy drained northward. 

*t^)<^ nunuUain-bxuUhng movemouts were, as stated above, resumed on a great scale at the 
oKv^-^ of tht"^ Tertiary. The andccdtic flows furnish the best means to determine the date of 
th<x5^^ mowmenls. 

11\^^ w^vst <>asterl>* fault line ap)iears m the area described in this volume onlv in the south- 
fN^t \>>n\<Mr. at AutelojH> Valley, The evidence presented in the chapter on the Markleeville 
^uadrai\|;r)^^ indn^attx!^ that the |HViitaiult>siuc faulting at thb place amcnmted to only 500 feet — that 
is u^ s^\ . the tn^ttom i>f the Autelo|M> Valley is held to have dropped 500 feet shortly afto* the 
aUvhvvx^K^ l^rupth^us. 

l>ve uc\t fault Uue> extetuUixg fh>m a )x^t northeast of Markleeviile nearly to Keno, 
uui^^au^ a jKVitaud^^csitic faulting of '2,0tX^ feet. The detailed evidence for this eoncfaisacm is 
|MO't^s^>u\\ in the chapt<>r on the Cai^^n quadrangle and is derived both fivm direct evidence 
aVviX^ 0\^ faxiit ^^ar^^ and (VvMn the jMVXiliar bohaviiv of the upper canyon o: Carson River wh«c 
)l V^Nak^i ^hrv^VC^ this faxUt. Heo^ again the diskication is cimsidef^ to consist in a depression 
\n: iiu"^ iVr>N\;\ \ alU\\ of aK^u ^J.iVX"^ feet. 

Xkn^V^ i^e <si^t>^arvl :aoi:vj fault si.'^arp wvtj^t of Reno the evide^oe of pc^^ian-iesitic faulting 
is ^s^t ^^^ix^x^,vx^\f axxd ap}VfcreuT5>" this ^-^arj^ was alnNidy in exi^ie^noe be:->r^ th-e azidesitic flows 
>Kv'<v xvs;r^\i %^>x>3r it^ :UnkSs S^^ far as the exanunati^Mv> have lyy»n cv>ri.>-it^-L ik^ po^tvcJcanic 
xXjv!sv^;NNn tvs>X jvar>c auMV^ this ^^ari> as far north as Sierra ViLlI-r-y. but fr:»in that vicinity 
^Na:\> t^^ ^>>s^r,>;,,o the ntw^vy of the nu»-en\ent is vwx str.kir^. As iis Se^eci shown by 
^'t 5v W, .^ ;>.^ >fchvve xvt the %V€N^*Nla\vn\e:tt at Honev l^e i> otvi.i^i.v lAt<-r than the andesitic 
,V>fc>< XxV, »r,v h»*iv ;srvNi\aV\x o^t eratei^ \>n the sur.\r.\;t o: the r. 1^:^ h^ve >?«!«:i ^ui in two 
A^-^,; ; V e^'x.^Tv^ ar,>ss;ut vN?' the s;;i^o,envyss t>rv>iviib,y aKvut :^.vv :x>f:. nu>t hive t^esi pi^ace 
^N^ . AV,> , A\v^ rwx^r/xN . tvc^Atxs at the K«>ctv,ti:\c v^* the Quaterr.arr ir«i i^':::r^_lT liter than the 

Vn^-x"- ^ , . x" ex •N\x^".'^y>c N^f tvtstav,*;^:v tV^.'r.r^a: aVc^ the ^h:C»f ^>v«r?* :c the L2<i:*ratl n 

,v % ' v>fc A'. N^ Avx; xN\o */«^v„-,,r^ ro ;^ AV or .x .W t\vc. T^-^ t^r;.»f ,r t:.i> -.h^ttrat^jc -^tn 
\y* ^. X .^ ^\ >«i ^ '^nkv x"\*x . ^>5v .^ST o':', xV^^e haiv^.t ,:«e '>,, : .„:> N^,v*;*T«f xti-t..^ iz>i r:.y>-lte 
^ iv* »." •^*' *s^>\v*.\ v. ,s o^, , ,0 -^^^ "n-vt \v^; '/v x^>v>t^ o,x^>:rs!x». .r, "♦'&> .v*:-^.»»-'. n ^iv T-fcnj^ry 
^ . X,- >^x ^ .xVv"^ >► ' V V ^\N V NX KvN x\ a"N\>'»^.,v v./'*. T-V ->xt%-i-iii "::•;•>• erf itTes fr:«z:i 

>N *v >- v V \s.v >v *o \,,N^^>^1. \s »>'> \;/: *"v^ /"».>** >: ATTtj-^-^T. Vi.r»t^ t^: Xfi4»i w 
\,v^^^•v ^^^ <,'?v\.'Xv \" , * ^ ' >^ O' , 'n^ IV^ vA '.' c ..->' '^.';C''^ '^r^-^ "::.> rcf^ii «^«£ 
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subsided block. The first movement is supposed to have taken place at the end of the Tertiary 
and it is probable that the second movement followed the first rather closely. 

On a much larger scale a similar condition of aflPairs is found south of Carson, Nev., where 
there was a postvolcanic fault of 2,000 feet throw. The long westward slope of the foothills of 
the Pine Nut Mountains is formed by gently westward-sloping lake beds, in the same position 
relative to the fault as the tilted block at La Forte. 

To sum up, faulting has recurred irregularly along the eastern fault zone since the Creta- 
ceous period. The subsidences along the faults are not uniform. A Cretaceous dislocation along 
one line may be continued by a late Tertiary fault on the extension of this line. These relations 
are indicated in figure 3 (p. 40) and Plate I (in pocket) in a general way. It follows from the 
irregularity of the subsidence which has taken place at different times that these movements 
can in no way have been responsible for the uniform tilting of the western slope. 

CRITERIA OF FAULTING. 

In some places — for instance, along the west side of Lake Tahoe — the only evidence of 
faulting consists in the sharply descending slope. Along the fault to the east of Lake Tahoe the 
scarp itself cuts an old, probably Cretaceous, surface and the relations are so clear that no one 
can for a moment doubt that an actual dislocation has taken place. Along the principal eastern 
scaip — for example, at Genoa — the contrast between the abrupt slope and the marshes extend- 
ing at its foot is so great as to indicate that no erosion could have performed this work. More- 
over, one of the characteristics of fault planes is here very marked — that is, a slope gradually 
becoming steeper as the foot of the escarpment is approached. At other places the dislocation 
of the channels and the overlying lavas give, of course, unmistakable and positive evidence of 
the faulting. 

THE QUATEBNABT DRAXNAQE. 

The development of the Quaternary drainage system of the Sierra Nevada is a subject out- 
side the scope of this report. It is in fact a most interesting study, full of complications, and its 
careful examination should lead to valuable physiographic results. 

At the close of the andesitic epoch the northern Sierra Nevada was covered to a great extent 
by an undulating sheet of tuffs and breccias. The main mass of this embraced Nevada, Sierra, 
Placer, Eldorado, Calaveras, and Amador counties. Even here there rose above the sloping 
plain numerous peaks and ridges, somewhat like the nunataks of Greenland, projecting above 
the ice sheet. In Yuba and Butte counties large areas were never covered by andesitic flows 
and south of Calaveras County the conditions were similar. 

Over the sloping andesite table the Quaternary streams were laid out as consequent water- 
courses, dependent on the small inequalities of the lava flow for details but assuming a general 
direction toward the west-southwest, or in the direction of the greatest declivity of the range. 
Even here, however, the ancient watersheds were, in a measure, preserved, owing to the guiding 
influence of the dividing ridges. 

Yuba River plainly followed, in its lower course, the general direction of the Tertiary stream. 
South of Calaveras County, where few andesitic flows existed, the Quaternary rivers followed 
the Tertiary valleys, simply deepening their channels. Upper Tuolumne River is a good 
example of this tendency. In these areas the normal development of the Tertiary streams 
comprised a master stream perpendicular to the direction of the range and numerous tributaries, 
the courses of which were largely determined by the hardness of the various belts of rocks 
attacked by erosion. 

A great number of valleys, generally occupying granitic areas and surrounded by ridges of 
more resistant rocks, are found on the middle and lower slopes of the range. As instances may 
be taken the lower Deer Creek Valley and Penn Valley, in Nevada County. On a larger scale 
this is also exemplified in the Ophir Valley, west of Auburn, in Placer County. Althougn 
these valleys are now deepened below the level of the Tertiary surface, it is clear that they were 
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in the fiist fimee detcmiinetl by the inequalities resulting throi^i long mnd aiow denudaticMi 
during the Teftiaiy pmod. 

In the h^i Sienm. especiallT from southern naeo' County southward, the Totiaiy lava 
flows hare had comparatirehr little influence and the present drainage is sim|^ the result, with 
some nMxfificatioiKs. of a deqwnii^ of the Tertiary watercourses. The Rulncon VaDey, for 
instance, west of Lake Tahoe. was clearly outlined before the Tertiary period and in its presoit 
form has beat further modified by Quat^nary erosion and ^bciatAm. 

On the eastern dope of the range the influence of late Tertiary dislocatifMB is strongh^ felt. 
Thk a[^ieais most strikingly in the Tarioos parts of Carson and West Walker rrrers, which in 
their uppo* cooiscs m£«e or less closdy foDow the sunken area between the fault Uocks. 

The oi^in of Truckee Rircr is not fuDy explained, but it seems probable that it was fenced 
to break across the Tokanic range east of Truckee as a consequ»ice of an oToflow from the late 
Tertiary Truckee Lake. It also seems piobaMe that it is antecedent in a way. because some 
sfight uplift has probably occurred along the margin of that range since the tlrainage lines were 



The major features of the beginning of the Cretaceous history of the Sierra consisted in the 
pfication and welding of the Mariposa formaticm with the older sediments and actire eruptions, 
continued from the Jurassic period* among the lofty Tolcanoes along the foothills, which were 
washed by the sea. and finaDy the intrusion, in the foundations of the range of enormous bathohths 
of dicmtic and granitic magma. A mountain range of great height must hare occupied the site of 
the present Si^ra Xerada. Long-continued erosion fdaned down this range to a surface of com- 
paratirely gentle topography. Of this old Cretaceous topography traces still remain in a num- 
ber of flat-topped hilk and ridges that rise high aboTe the later Tertiary surface. There is rea- 
si3n to belicTe that this plane%i-down mountain range had a symmetrical structure, for somewhat 
to the east of the present divide is a well-marked old crest line extending from the Grizzly 
Mountains on the north, in Plumas County, at least as far south as Pyramid Peak, in Eldorado 
County. At some time in the later part of the Cretaceous period the first breaks took place* 
changing the structure of the range from symmetrical to momx^linal and outlining the (resent 
form of the Sierra Nevada. 

Eren at this date the oroeenic disturbance was pn>bably of a twofold character, consisting 
of the liftic:? up of a large area including at least a part of the present Great Basin, and a simu^ 
taneous breaking and settling of the hirfier p«>rtions of the arch. Along the eastern margin a 
svstem of fractures was thiK outlined which toward the close of the Tertiary was to be still 
further emphasized- The main break probably extended from a point south of Mono Lake to 
Antelope Valley and from MarkkeTille northward toward Sierra Valley. A large part of the 
cnist bl*>ck to the west of this dislocation also sank down. This sunken area is now indicated 
bT Lake Tahoe and by its northwanl o^atinuatirm. Sierra Valley, separated from each other 
only bv masses of Tertiary lavas. There is no iniiication that the fault lines of Honey Lake and 
the Mohawk Valley existed at this time. It is also worthy of note that within the area of the 
ran^e no volcanic emptiots accompanied this subsidence. 

As a oDttsequence of this uplift the eroeive power of the streams was rejuvenated, the Cre- 
taceoiK surface of gentle outline was dLsisectetl. and the river> began to cut back behind the old 
divide, carrying their heads nearly to the present crest line that separates the slope of the ^erra 
from the depression of Lake Tah*.^, Tnis enx^ion was continued for a long time and resulted in 
the devel: oment of broad w-shaped valleys, which toward the crest of the range became deeper 
and narn>wer. and which along the valley b«>rder found their outlets acrws the greenstone ridges 
in vallev? that also were narrow compared to the more open country along the present middle 






What the zrades then were is, of course, impo^ssible to determine with absolute accuracy. 
The Tertiary rivers riniiiii^ parallel to the ran^e, a position motst favorable for low grades, 
have channels which are n^^w inclineti from only a few feet up to 20 feet to the mile. It may be 
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assumed, then, that in the lower reaches of the main channels the grades rarely exceeded 30 feet 
to the mile and probably averaged considerably less. At the same time the coarseness of the 
deep gravels and the deep narrows that occur here and there clearly point to streams of consid- 
erable power of transportation. (See description of Polar Star mine and Big Dipper mine, 
Colfax quadrangle, pp. 144 and 149, also PL XXI, By p. 144.) Much has been written to explain 
the causes leading to the deposition of the heavy bodies of Tertiary gravels after the epoch of 
erosion had been concluded. Whitney assumed that the grade had not changed and sought the 
explanation of the heavy gravel masses in increased precipitation and generally changed cli- 
matic conditions. Diller ^ held that at the close of the Eocene epoch disintegration exceeded 
transportation and that consequently the surface was covered with a deep mantle of decom- 
posed material, which was rapidly swept into the river courses owing to a slight uplift that in- 
ct^ased the erosive power of the streams. Undoubtedly the accumulation of rich gold- 
bearing gravel implies a previ'ous long-continued decay of the rocks, and under the conditions 
of gentle grade and topographic maturity which characterized the late Cretaceous and the ear- 
liest Tertiary in the Sierra Nevada such decay must have been going on. On the other hand, 
it is to be remembered that the great richness of the gravels and the worn condition of the gold 
and pebbles imply a long period of accumulation under well-balanced conditions so that a certain 
moderate depth of gravel was maintained for a long time. Under such conditions the concen- 
tration of the gold would be greatly facilitated both by sinking of the particles through the 
gravel and by a continuous though slow downstream movement of the detritus in the rivers. In 
this coimection it is worthy of note that the lower narrow valleys through the greenstone ridges 
must have acted as barriers tending to hold the gravels in the middle reaches of the streams. 
Along the Tertiary Yuba River, where these conditions were emphasized, we find both the 
richest and the deepest gravels. In the rivers which flowed into the gulf farther south the early 
gravels are thin and in some places absent, for in these channels there was less damming in the 
lower courses. 

The subsequent heavier accumulation of finer and more quartzose bench gravels was un- 
doubtedly caused by the lone transgression of the waters of the gulf to present elevations 
of about 800 or 1,000 feet. The recession of the waters was followed by a short epoch of erosion 
before the beginning of the rhyolitic flows. Here again the great channel system of the Terti- 
ary Yuba River is particularly distinguished by the heavy accumulation of finer-grained quartz 
gravels, but in the rivers to the south no heavy masses of gravel really began to be stored until 
the beginning of the rhyolitic eruptions, which, of course, had the eflFect of retarding the erosive 
power of the streams. In this case also, then, the accumulation of the gravels is rather a con- 
sequence of special conditions than of general climatic or orogenic causes. 

After the channels had been filled to a considerable depth the concentration of gold prac- 
tically 'ceased. It must be remembered that under ordinary conditions it is not possible for 
grains of gold of even moderate coarseness to be carried out into the middle of broad flood 
plains. It is assumed by many that the present concentration of gold on the bedrock is due 
to a gradual sinking of particles formerly distributed throughout the thick gravels, but this 
view is probably wholly incorrect. 

The epoch of rhyolite eruption closed and was succeeded by that of the andesite. Shortly 
after the beginning of the andesitic eruptions there occurred a most striking phenomenon — 
a sudden increase in erosive power. The streams in the broad flood plains began to cut sharp 
V-shaped canyons, eroding and locally concentrating the old gravels. Although this erosion 
was suddenly stopped by the overwhelming floods of andesitic tuflfs and breccias, yet it marks 
unmistakably the beginning of the orogenic disturbances which sharply increased the grade of 
the western slope. Faulting was renewed along the eastern margin, following the old lines or 
breaking new ones. Along the principal eastern scarp, from Owens Lake to Antelope Valley, 
the displacement was probably very large at some points, but at the north end at Antelope 
Valley the measured throw is only about 500 feet. Along the escarpment extending from 

> DiUer, X. B., TerUarj revolution in the topography of the Pacific coast: Fourteenth Ann. Rept..U. 8. Oeol. Survey, pt. 2, ISH, p. 427. 
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Oenoa to Reno the displacement, consisting in a sinking of the eastern block, was about 2,000 
feet. On both sides of Lake Tahoe little or no movement seems to have taken place, but new- 
faults were opened in Mohawk Valley and along several lines to the west of it. Still later, prob- 
ably, is the fault extending from Sierra Valley to Susanville and here the downthrow on the 
east side was 2,000 feet. 

In Plate IX (in pocket) two sections {A-B and C-D) are laid down across the range and 
drawn on the same vertical and horizontal scale. They indicate clearly the absolute insuffi- 
ciency of the eastern faults to account for the increase in slope demonstrated by the grades of 
the channels, and they also bring clearly to mind the remarkable rigidity of the western block, 
in which, aside from a uniform westward tilt, the deformation has been extremely small. It 
would be an interesting problem to calculate the depth that this block must have had in order 
to act as a rigid body during this tilting over a distance from north to south of several hundred 
miles and from east to west of about 80 miles. In the northerly section the Tertiary river 
courses have, it is true, been traced back only to the Cretaceous divide indicated by English 
Mountain; but in the southerly section the old channel of American River practically reached 
a point south of Lake Tahoe and probably even somewhat east of it, while the channel of the 
Tertiary Tuolumne River is traceable almost up to Mount Dana. 

G. F. Becker considered that the explanation of this tilting movement of a soUd block met 
many difficulties, and he advanced the theory * that the range was intersected by a system of 
northwestward-trending joint planes on which had taken place small movements that would 
aggregate large amounts and account for the tilting movement. (See PI. VII, B, p. 32.) Such 
joints are indeed found in several places along the summit region and not far from fault planes 
or extensions of fault planes, but no evidence of their existence can be gathered from the lower 
slopes. Moreover, it seems to the writer an impossibility that so extensive a system of dis- 
tributed faults in heterogeneous rocks could have been produced without strongly deforming 
the Tertiary river grades over a distance of 60 or 70 miles. The results presented here are 
believed to establish firmly the fact of an uplift and tilting of a large block of the earth's crust, 
including the Sierra Nevada, a part of the Great Basin, and the region underlying the Sacra^- 
mento Valley along its east side. 

The view to which these studies have led comprises, then, a great epeirogenetic and remark- 
ably uniform uplift of a large part of the continent, perhaps accompanied by a sinking or flex- 
ure along the continental margin, and further a local and irregular breaking down and settling 
of parts of the lifted block. 

In recent time movements have been renewed along the main fault scarp at Owens Lake, 
at Mono Lake, and at Genoa, Nev., but it is thought that these recent displacements are rela- 
tively small. That near Genoa amounts to about 50 feet. The movements along the fault 
line were probably paroxysmal rather than spread out over a large interval of time. The lake 
in the Mohawk Valley depression, for instance, was plainly formed a very short time after the 
downward movement along this block began. Similarly, the existence of the narrow and deep 
canyons of Truckee and Carson rivers through the Virginia Range in Nevada affords good evi- 
dence that the subsidence of the block unmediately east of the main fault scarp of the Sierra 
was completed within a relatively short time. 

On Plate X a number of profiles showing the present grades of the Tertiary rivers have 
been plotted, each profile showing the distance between established points along the river chan- 
nel, its direction within this interval, and the grade in feet to the mile. In examining these 
sections it should be remembered that the axis of the range has a north-northwesterly direction. 
On the assumption that the range as a whole has been tilted, any part of the Tertiary river 
flowing in a west-southwest direction would have its grade increased to a maximum amount, 
and any channels extending north-northwest or south-southwest would show little if any change 
in grade. The influence of the tilting would gradually decrease as the direction of the channel 
swung around from west-southwest to north-northwest or south-southeast. 

,1 Bull. Geol. Soc America, vol. 2, 1891, pp. 49-74. 
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Piute Creek and it probably headed near Mount Dana. In this upper course the grades are about 
130 feet to the mile. In the profile of the present river we note the same combination of two 
concave curves, the influence of glaciation being felt as far as Hetch Hetchy Valley. 

The last four profiles, of the southern rivers, are thoroughly consistent and indicate uniform 
tilting of well-graded rivers without perceptible deformation. 

VIBWS OF KINQ, US CONT£, AND BITSSELL. 

It is interesting to note that three eminent geologists — King, Le Conte, and Russell — who 
well knew the Sierra Nevada and the Great Basin, arrived at the same conclusion — ^that the 
uplift involved both regions and that the faults were accompanied by downthrows on the east 
side. 

King,^ after discussing the folding and subsequent faulting of the Great Basin, says: 

The result of this complicated interlacing system of dislocation is that all ranges of the Great Basin have been 
broken into irregular blocks, sections of which have sunk many thousand feet below the level of the adjoining mem- 
bers. * * * The two grandest fault lines shown in the Great Basin are those which define its east and west walls. 
Whoever has followed the eastern slope of the Sierra from the region of Honey Lake to Owens Valley can not have failed 
to observe with wonder the 300 miles of abrupt wall which the Sierra Nevada turns to the east. That wall is no 
other but a great continuous fault by which the Nevada country has been dropped from 3,000 to 10,000 feet down- 
ward. In this low trough, east of the Sierra Nevada and Cascade Range, is laid down the thick series (amount- 
ing to 4,000 feet as already described) of Miocene beds. It is therefore evident that this was a depression which was 
defined before the beginning of Miocene times. * * * As yet in the depressed area east of the Sierra Nevada no 
Eocene beds have been discovered, from which it seems highly probable that the great fault occurred either within the 
Eocene or at the close of Eocene time and was the direct cause of the subsidence whose area was immediately occupied 
by the Miocene Pahute Lake. 

These views are similar to those expressed later by Le Conte ^ in a paper on the origin of 
normal faults. He writes : ^ 

The whole region from the Wasatch to the Sierra, inclusive, was lifted by intumescent lava into a great arch, the 
abutments of which were the Sierra on the one side and the Wasatch on the other. * * * The arch broke down 
and the broken parts readjusted themselves by gravity into the ridges and valleys of the basin region, leaving 
the abutments overlooking the basin and toward one another. 

Russell ' was the first to recognize the compound character of the great fault system. He 
says: 

On the west side of the Great Basin, at the immediate base of the Sierra Nevada, there is an immense compound 
displacement that can be followed all the way from Honey Lake on the north to beyond Owens Lake on the south, a 
distance of over 350 miles. Among many of the faults composing this belt the records of a post-Quaternary movement 
may be clearly recognized. Fault scarps produced by the recent movements have been observed in Eagle and Carson 
valleys, south of Carson City, in Bridgeport Valley, and on the west side of Mono Lake. The earthquake in Owens 
Valley in 1872 was caused by a movement along one of the faults of this series. 

In a later paper * Russell describes a recent scarp at Mono Lake and makes some pertinent 
observations as to the character of the dislocation, substantially as follows: 

A tiiult scarp having a throw of 50 feet crosses the moraines and the delta deposits at the mouth of Lundy Canyon. 
The beach lines are deformed. The difference in elevation of the beach line on opposite sides of the displacement, 
as indicated by the measurements, is less than the height of the recent tiiult scarp and shows that the greatest movement 
has been in close proximity to the line of tiiulting. 

The simplest hyx>othe6is which seems to explain the facts observed is that a recent movement has taken place 
along the fault which has resulted in a displacement of at least 50 feet. That the displacement was caused or at least 
accompanied by a subsidence of the block forming the thrown side of the fault is indicated by the present position of 
Lake Mono. Assuming that the basin had been undisturbed since its occupation by the ancient lake, it is evident 
that sedimentation would have been greatest along the southwestern border, where the creeks from tne mountains 
empty into it, and that this portion of the depression would have been filled much more rapidly than the northern 
border, where there are no tributaries. The present lake, under these conditions, should have been somewhat removed 
from the mountains, as it would have been crowded northward by progressive sedimentation. We find, on the con- 

1 King, Clarenoe, U. S. Oeol. Expl. 40th Par., vol. 1, Systematic geology, 1878, pp. 742-744. 

* Le Ck)nte, Joaeph, Am. Jour. Scl., 3d ser., vol. 38, 1889, p. 262. 

* Russell, I. C, Notes on the faults of the Great Basin and of the eastern base of the Sierra Nevada: Bull. Philos. Soc. Washington, voL d, 
1887, pp. 5-7. 

* Quaternary history of Mono Ck>unty, California: Eighth Ann. Rept. U. S. Oeol. Survey, pt. 1, 1889, pp. 302-304. 
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trary, that it waahes the very base of the mountainB and occupies the position that would result from orographic move- 
ment of the nature indicated by the deformation of the beach lines. The eccentric position of Lake Mono in reference 
to what would be its normal position had the basin remained undisturbed is in all respects similar to the abnormal 
position of Great Salt Lake and is due to a similar tilting of its basin. 

The shifting of the load from the mountains to the valley would tend to produce such a movement as has been 
observed; it may be in part the cause of the recent movement, but the conmiencement of the faulting must have 
occurred before any considerable transfer of load could have taken place and is probably due to other causes. 

The variations of surface temperatures, weight of water in ancient lake basins, transfer of load from the heaved to 
the thrown side of a fault, etc., by which the movements have been explained by various writers, it seems to me are 
secondary results of some great slow-working and wide-reaching series of forces which have made themselves felt *   
throughout the Great Basin. 

SEDIMENTATION AND EROSION. 

To those who study the larger movements of the earth's crust and their relation to sedi- 
mentation and erosion the Sierra Nevada presents a particularly important problem. A moun- 
tain range since earliest Cretaceous time, subject continuously to erosion and intermittently to 
orogenic movements, it faced the western sea for a long period during the Cretaceous and early 
Tertiary and its streams discharged into this sea enormous masses of sediments. 

The problem, in so far as it relates to subsidence of the Great Valley caused by the weight 
of the sediments from the erosion of the Sierra, has been effectively treated by Ransome.^ 

Some students of the geology of the Pacific slope, particularly G. F. Becker,' have thought 
that the uplift of the Sierra Nevada is due to the isostatic subsidence of the sediment-laden 
valley floor, which would produce a viscous flow of material underneath the rising mountain 
mass. Ransome rejects this explanation, showing by a diagram the decided incompetency of 
the sedimentary mass of the valley, even if liberally measured, to produce an elevation of the 
range. According to the results presented in the present report the incompetency is even 
greater than was indicated by Ransome, because the uplift involved not only the Sierra but 
the adjacent mass of the Great Basin. Ransome justly points out that the detrital masses 
from the enormous early Cretaceous erosion of the Sierra Nevada were deposited mainly on the 
site of the present Coast Ranges and only to a smaller degree in the Great Valley itself . As 
shown in this report, the first breaks along the eastern fault system were outlined during the 
Cretaceous period, but at a distance from the main deposits that would seem to preclude any 
direct connection betwe^ the sedimentation and the faulting. 

Erosion continued in the Sierra Nevada during the whole of the Tertiary, but at so slow a 
rate that no sediments of excessive thickness could have been deposited in the Great Valley. 

The orogenic movement took place at the end of the Tertiary, and here, again, the incom- 
petency of the supposed cause is apparent. Indeed, in the last part of the Tertiary the range 
itself became loaded by volcanic material flowing down over its slope from volcanoes at or 
east of the sununit, to an extent which probably much more than balanced the amount removed 
by erosion during the whole of the Tertiary. 

The epoch of erosion that began immediately after the close of the volcanic flows unques- 
tionably removed an enormous load from the range and deposit^ it in the Great Valley. The 
valley gradually subsided, at least in that part adjacent to the territory here considered, as 
shown by the absence of debris fans from the Sacramento Valley, but that the subsidence is 
due to the weight of the sediments is a hypothesis pure and simple. No corresponding eleva- 
tion of the Sierra Nevada has taken place in Quaternary time. The numerous and great 
oscillations of the shore fine along the valley border (see pp. 21-28) have also taken place 
independently of loading or unloading and constitute a strong argument against isostatic 
movements by erosion or sedimentation. 

1 RanBome, F. L., The Oreat Valley of California, a criticism of the theory of isostasy: Bull. Dept. Geology, Univ. California, vol. 1, No. 14, 
1896, pp. 371-428. 

B Structure of a portion of the Sierra Nevada: Bull. Oeol. 8o& America, vol. 2, 1891, pp. 49-74. 
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The problem of the origin of the epeirogenic movements, then, is removed from the field of 
superficial phenomena and becomes a problem of astronomy and geophysics with which the 
ordinary geologist is scarcely qualified to deal. Deep-seated the causes were, beyond a doubt, 
for uplift of a continent involving the tilting of a marginal heterogeneous block 80 miles wide 
and 300 miles long, with no or at most inconspicuous deformation, must have required forces 
acting through depths of miles. The establishment of the actual westward tilting and the 
almost perfect rigidity of the Sierra Nevada during this movement is probably the most impor- 
tant scientific result of these investigations. 



CHAPTER 3. FOSSILS OF THE TERTIARY AURIFEROUS GRAVELS. 

INTRODUCTION. 

The fossils found in the Tertiary gravels of the Sierra Nevada comprise mammal remains, 
including doubtful human bones, associated with which objects of human handiwork are said 
to have been found; fossil leaves, which in places are very abundant and well-preserved; and 
diatoms, which occur in abundance in several of the so-called "infusorial earths*' in association 
with rhyoUtic tuflFs. As will be shown in the following pages, the testimony on which depend- 
ence can be placed is confined almost exclusively to the fossil plants and the paleontologic 
determination of age must therefore be furnished by paleobotany. 

MAMMAL REMAINS. 

Whitney, in his volume on the auriferous gravels, gives a Ust of all the mammal remains 
which have been found and determined and divides this Ust into two parts, the first comprising 
localities in which the bones were found in known and undisturbed Tertiary deposits and the 
second and larger part including those occurrences in which the geologic formation was less 
satisfactorily determined. The number of species of clearly pre volcanic occurrence is not 
large. The most important localities are Douglas Flat and ChiU Gulch, in Calaveras County, 
and the Tuolumne Table Mountain, not far to the south, in Tuolumne County. In the Calar 
veras County locahties bones and teeth of a species of rhinoceros, described by Leidy * under 
the name R, Tiesperius, have been discovered. At Douglas Flat was also found a tooth of the 
pachyderm Ehtherium, which belongs to the Eocene or Oligocene (White River group of the 
Rocky Mountain region). The material in which this fossil was found is not described. These 
few occurrences complete the Ust of fossils which Whitney considered authentic and beyond 
doubt derived from the Tertiary gravels. Among the less certain occurrences are those of 
Kincaid Flat, near Sonora, where molars of Bos latifrons are stated to have been found at a 
depth of 18 feet in the auriferous detritus of that locaUty. At a number of places in the vicinity 
of Sonora and Columbia, along a belt of limestone, fossil bones have been found in the clay 
filling crevices or spaces of dissolution. These fossils belong principally to the weU-known 
species Mastodon americanus. One other species of this genus (J/, obscurus) has been discov- 
ered at Dry Creek, in Stanislaus County. At Gold Spring, near the locaUty mentioned above, 
a few miles from Sonora, a great quantity of bones were heaped together. A tooth of 
if, americanus was also found at a depth of 48 feet at Douglas Flat. This tooth, however, did 
not appear as thoroughly fossiUzed as the rhinoceros jaw found in the same locality, said to 
have come from a great depth in the gravel, which in places is probably over 200 feet thick. 

A number of elephant remains, consisting principally of molar teeth, have been discovered 
in the Sierra Nevada; among the localities is a place near Murphy, in Calaveras County, where 
they were found at a depth of about 30 feet in the auriferous detritus overljdng the limestone. 
An excellent specimen, more complete than usual, was found, according to Whitney, near 
Fresno River, 3 miles above the crossing of the stage road from Homitos to VisaUa. The 
remains were covered by only 3 or 4 feet of sandy alluvium. All these remains are beUeved 
to belong to Elephas americanus or to its variety, E, columbi. 

Leidy has identified remains of Eqaus excelsus Leidy or E. ocddentalis Leidy, from 20 
feet below the surface at Columbia, Tuolumne County; also at Matlock Gulch, in the same county. 
Eqaua cabaUus is reported from Texas Flat, Kincaid Flat, and Columbia, Tuolunme County; 
also at Brandy City, Sierra County. The skull found at Brandy City was labeled "from 

< Leidy, Joseph, Contributions to the extinct vertebrate fauna of the western Territories: U. S. Oeol. Survey Terr., vol. 1, 1873. 
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auriferous gravel, 35 or 40 feet below the surface/' Several molars from the various localities 
in Tuolumne County are said to have come from depths of 5 to 29 feet. 

Imperfectly preserved bones of horses of indeterminable species are reported from the 
Table Mountam, Tuolumne County, where they were said to be found underneath the lava at a 
depth of 210 feet; another locality is at Soulsbyville, Tuolumne County, where the remains 
were stated to occur beneath the volcanic rocks, in gravel resting upon granite. 

This is practically the whole record. Very few finds have been reported since Whitney 
wrote his volume on the auriferous gravels. 

Most of the locahties referred to between Sonora, Columbia, and Gold Spring are extremely 
doubtful. The gravel is not covered by volcanic rocks and the region has remained without 
very great topographic changes, aside from the cutting of the deep canyon of the Stanislaus, 
since late Tertiary time. In most places in this region it is entirely impossible to separate the 
Tertiary from the Quaternary gravels. The writer beUeves that the remains of Bos, Mastodon, 
and Elephas were really found in Quaternary deposits; the occurrence of ElepJuis on Fresno 
River is, of course, assuredly Quaternary. It is equally difficult to express a positive conclusion 
as to the several species of Equus said to have been discovered in the auriferous gravels. 

An interesting locaUty mentioned by Whitney is on a nameless dry creek tributary to Bear 
Creek, in Merced (now Madera) County, near the line of Mariposa County, about 6 miles south- 
west of Indian Gulch. Whitney says that the rocks at this place consist of a coarse friable 
light-colored volcanic ash, which envelops a large quantity of bones. *'The most striking of 
the bones found here were those of an extinct llama, much larger than the ordinary camel. 
With these were associated bones of the deer and those of one or more species of horse, together 
with others which could not be determined." * Leidy gave to this species of llama the name 
Auchenia califomica. Nothing is known as to the geologic relations at this place. 

The species which can be said with some confidence to have been derived from the Tertiary 
gravels are confined to Rhinoceros hesperiiLS and Elotherium superhum, and these, especially 
the latter, would, according to the paleontologists, indicate Eocene or Miocene age. 

Among other vertebrate remains those of tortoises should find mention; they have been 
described and their geologic horizon carefully indicated by W. J. Sinclair.' One specimen was 
found in gravel of the rhyoUtic epoch 2 miles below Vallecito, Calaveras County, on the Parrott 
Ferry road, from 10 to 15 feet above the bedrock, at a gravel mine on Balaklava Hill. The 
tortoise is described as Stylemys calaverensis, Sinclair states that similar remains have been 
found near Cave City, at a placer mine near San Andreas, and at other places. For the 
determination of the geologic horizon these fossils have Uttle value. 

It remains to discuss the human remains and the specimens of human handiwork which 
are said to have been found in the Tertiary gravels. J. D. Wliitney published in his work on 
the auriferous gravels a number of important data tending to establish the existence of man 
at the time of the Tertiary gravels of Califomia. He stated that many reUcs of the handiwork 
of man had been discovered in these gravels; they include mortars and pestles, grooved pebbles, 
flat dishes, and arrow heads, the mortars being the most common forms. Human remains, 
as reported from the gravels, are not abundant; the best evidence consists of an imperfect 
human cranium, the famous *' Calaveras skull.*' Whitney examined the evidence with great 
minuteness and came to the conclusion that man must have existed in the Sierra Xevada during 
the late Tertiary epoch. Since the pubhcation of Whitney's book further data tending in the 
same direction have been submitted by G. F. Becker.' In 1901 the whole evidence relating 
to auriferous-gravel man in CaUfomia was reviewed by WilUam II. Ilohnes from the standpoint 
of both the geologist and the etlmologist.* Holmes examined the evidence regarding the 
famous Calaveras skull with great care and personally inspected the fossil at the museum at 
Harvard Univei*sity. He concluded that the skull was never carried and broken in a Tertiary 

1 Aarlferoua gravels, 1879, p. 248. 

> A new tortoise from the auriferous gravels of Califomia: Bull. Dept. Geology Univ. Califomia, vol. 3, No. 11, 1903, pp. 243-248. 

s Antiquities firom under Tuolumne Table Mountain in Califomia: Bull Geol. Soc. America, vol. 2, 1891, pp. 189-198. 

* Review of the evidence relating to auriferous gravel man in CaUfomia: Smithsonian Rept for 1899, pp. 41^-472. 
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torrent, that it never came from the old gravels in the Mattison mine, that it does not in any 
way represent a Tertiary race of men, and that if the existence of Tertiary man in Califomia 
is finally proved it will be on evidence other than that furnished by the *' Calaveras skull/' 
Notwithstanding this decided opinion, Holmes beUeves that with respect to the existence of 
Tertiary man in CaUfomia no final conclusion can yet be drawn. The strongest evidence 
consists in the various implements found, and regarding these he summarizes the arguments 
for and against great antiquity about as follows: 

Although many of the objects came from surface mines some were apparently derived 
from tunnels or inclines underneath the lava capping. They were, as a rule, found by miners, 
but the statements of discovery are reasonably clear and show no attempted deception. The 
reported finding of an implement in place in the gravels underlying Table Mountain by Clarence 
King is especially important and gives countenance to the reports of inexpert observers. The 
intimate association of many of the human remains with those of extinct animals is noted. 
The evidence, as presented by YSTiitney, seems abundant and convincing. It is clearly the 
strongest body of evidence yet brought together tsnding to connect man with any geologic 
formation earlier than postglacial. 

On the other hand, the existence of a Tertiary man, even of the lowest grade, has not yet 
been fully established in any country. The California evidence impUes a human race much 
older than that of Pithecanthropus erectus of Dubois, which may be regarded as an incipient 
form only of human creature. The finds reported indicate a people well advanced in culture. 
The crania recovered are identical in character with recent crania. The objects of art are found 
to belong to the polished-stone stage and to dupUcate modern implements in every essential 
respect. They are such as may have fallen in from Indian camp sites or been carried in by 
the Indians themselves. Indian tribes have occupied the region for centuries and buried their 
dead in pits, caves, and deep ravines, where the remains were readily covered by debris or 
calcareous matter deposited by water. The region has been extensively dug over by the 
miners and many of the old ossuaries were worked and old village sites undermined; by this 
means thousands of the native implements were introduced into the mines and became inter- 
mingled with the gravels. Implements and utensils may also have been introduced into the 
deep mines by the Indians hired as helpers in the mining work. The testimony is derived 
almost wholly from inexpert observers, and all observations were recorded at second hand. 

But a short time before Holmes published his conclusions W. P. Blake wrote a short paper 
in which he confessed that the whole evidence of Tertiary man in Califomia seemed utterly 
insufficient to him.* In 1908 Sinclair, after personal investigation, reviewed the evidence 
and came to the same conclusion.' 

The writer is whollv in accord with the conclusions of Holmes and Blake and believes that 
the testimony is weak and insufficient. A number of the objects illustrated by Holmes came 
from localities formerly referred to as in the vicinity of Sonora and Columbia, where so many 
mammal remains have been found. The gravels where these occur the writer beUeves to be 
mainly Quaternary, and it should be noted that the material of which most of the mortars 
are made is andesite, apparently identical with the rock composing the flows that cover the 
auriferous gravels. During the gravel period such andesites were probably not to be found 
in any part of California, certainly not close to the region in question. Other implements 
figured by Holmes — for instance, those from Oregon Bar, Placer County; or Spanish Flat, 
Eldorado County ; or Horseshoe Bend, Mariposa County^ — are assuredly from Quaternary strata. 

In 1901 J. M. Boutwell, then of the Geological Survey, accompanied the writer to investi- 
gate the channels of Calaveras County. In the vicinity of the place where the Calaveras skull 
is said to have been found Mr. Boutwell gathered from old residents some interesting testimony 
which supplements that of Holmes and tends toward the same conclusions. His account is 
herewith appended. 

> Blake, W. P., The Pliocene skull of California and the stone implements of Table Mountain: Jour. Geology, vol. 7, 1899, pp. 631-637. 

> Sinclair, W. J., Recent investigations * * * on the occurrence of Neocene man, in the auriferous gravels of the Sierra Nevada: Univ. 
Califomte pub., American archeology and ethnology, vol. 7, No. 2, 1908, pp. 108-137. 

» Holmes, W. H., op. cit., Pis. VIII, IX, X, and XI. 



54 TERTIARY GRAVELS OF THE SIERRA NEVADA OF CALIFORNIA. 

THE CAIjAVERAS SKULL- 

By J. M. BouTWELL. 

About half a mile northeast of Altaville, at Bald Hill, is the locality in which the ** Cala- 
veras skull," described by Wliitney, was reported to have been discovered in stream gravels 
overlain by Tertiary tuffaceous lavas. Inasmuch as the authenticity of this skull is still open 
to discussion, the original information procured in the course of the present study is pertinent. 
Bald Hill is a lenticular, moundlike knob trending northeast and southwest, somewhat over 
100 feet in height. The longitudinal section from northeast to southwest shows, lying upon 
bedrock at the west end and forming the west rim at an elevation of 1 ,590 feet, the following 
section : 

Section at Bald Hill. 

Feet. 

Rhyolitic mud 4 

Rhyolitic tuff 8 

Unconformity by erosion. 

Washed volcanic gravels and sands, pink and white rhyolitic pebbles 12-15 

Covered 10 

Tuffaceous sand : 5 

Rhyolitic tuff 50 

Washed porphyritic and volcanic gravels 30 

Bedrock. 

Near the top of the knob are two dumps, one made up of some rhyolitic tuflF, much ande- 
sitic tuflF, and considerable quantities of well-washed siHceous and porphyritic gravels. Just 
beyond and sunk in the gravels forming the top of the hill is the second shaft, which penetrates, 
to judge from the dump, siliceous and porphyritic gravels, probably some rhyolite, and possibly 
some andesite. The second dump appears to be much the older, and thus in all probability 
is the one from which the Calaveras skull is stated to have been taken. The writer was for- 
tunately able to interview old residents of the region, including one of the three hving principals 
in the aflFair, Mr. S. F. Schaeffle, an intimate friend of a second one of the principals, and to 
check the statements of these men by other reliable first-hand information. This accordant 
testimony may be briefly summarized as follows: 

At the time of the event under discussion some very perfect trunks of palms were found 
in workings in gravels at Bald Hill. This was unusual and occasioned considerable talk and 
discussion. About this time also a stream in Salt Spring Valley in cutting away its banks 
exposed an old Indian burying ground and washed out some skeletons. Dr. Kelly, one of the 
local physicians, obtained one of these skeletons and had it on exhibition in his office. One 
Ross Coon, who had become noted as the local joker through his many humorous acts, some 
of them of such character that he was cited to appear in court to answer for them, saw an 
opportunity for another joke. Another local doctor named Jones, who was an amateur sci- 
entist and a friend of the State geologist, J. D. Whitney, had a collection of specimens of odd 
and interesting things, including many old bones, and so was commonly regarded as somewhat 
of an authority on the subject of fossils. It is stated that the finding of the palms, the dis- 
covery of the Indian skeleton, and the presence of the eager doctor collector led to the hatching 
of a plot. Coon and Scribner (the second conspirator) are said by SchaeflSe to have taken the 
skull from Dr. Kelly's office and had it placed (some say by one Siebold) in gravels in the shaft 
then being sunk on Bald Hill by a man named Mattison. Then, either Dr. Jones was asked 
to visit the locality and observe the skull reported to have been found, or it was removed by 
Mattison and sent to him at his own request by Scribner's partner. Dr. Jones is said to have 
accepted it as authentic, and in order to carry the joke further a description of the skull was 
\iTitten by Siebold and published in a newspaper. At this point Prof, Whitney, the State 
geologist, was invited to investigate the matter. The joke was assuming a more serious phase, 
but to carry it through and to protect Jones in the eyes of his friend Whitney both Scribner 
and Mattison gave testimony regarding their respective parts in the discovery, to the general 
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purport that the skull was authentic. Thus the skull came into the hands of Prof. Whitney 
and the practical joke was accepted in good faith as a scientific discovery of the highest import. 

In fm-ther corroboration of critical points Mr. Schaeffle, who worked in the shaft at the 
time, stated to the writer that he is of the opinion that the skull is the same one he had pre- 
viously seen in Dr. Kelly's office; that it was not incrusted, nor did it in any way have the 
appearance of the gravel at the point where it was said to have been found, but that it was, on 
the other hand, black like many skulls found in the marshy burying grounds; that no other 
bones were ever found in the Bald Hill workings; and finally that he is "satisfied that it [the 
skull] never came out of that shaft originally." Again, Dr. Kelly told Mr. Schaeffle that he 
was confident the skull was the same one he had in his office before the reported discovery; 
that there was no Bald Hill gravel in or around the skull after being taken from the shaft, only 
black earth and some gravel totally unlike the Bald Hill gravel. All these stateqients are 
exactly corroborated by Mattison, who was an intimate friend of Coon's. 

This explanation, as roughly outlined above, seems to represent the prevailing opinion of 
contemporary residents and friends of the perpetrators of the joke throughout that region. 
It should be stated, however, that two men, Mr. D. D. Demorest, owner of the shaft, and his 
son, do not share this opinion. Being employers, they were not in the joke, and then, as now, 
they were not intimate with the perpetrators. They were away during the present investiga- 
tion, but are reported to believe in the authenticity of the skull. 

DIATOMS. 

During the early part of the Tertiary there was little opportunity for the development of 
organisms which live in still water. In the later volcanic period, however, when the valleys 
were filled with silt and volcanic mud, chiefly of rhyolitic origin, there were many places where 
the current must have been almost stagnant and temporary lakes may have existed. In these 
lakes fine-grained light-colored deposits, which represent all transitions between a clay and a 
volcanic tuff and which contain large quantities of the siliceous remains of diatoms, minute 
and simply organized plants, are frequently found. These partly consolidated deposits are 
often classed under the name infusorial earth and are sometimes employed for polishing pur- 
poses. Infusorial earth, rich in remains of diatoms, has been found at numerous localities, 
chiefly on the middle slopes of the Sierra Nevada — for instance, near Placerville, on the Long 
Canyon divide, and at several places on the Forest Hill divide — and has been described in 
some detail by J. D. Whitney.* These vegetable remains have no value in determining the 
age of the strata in which they occur, and hence it seems unnecessary to devote further space 
to this subject. 

TERTIARY FOSSIL PLANTS. 

As the Sierra Nevada has remained a land area at least since the early part of the Creta- 
ceous period, it would not be surprising to find the remains of plants in the land deposits which 
have accumulated on its surface and which would be supposed to range from the Cretaceous 
to the Quaternary. It appears, however, that physiographic changes have obliterated all 
deposits of Cretaceous age and that the remains of plants discovered in the prevolcanic gravels, 
as well as in those of intervolcanic age, have proved to be of Tertiary type. A great deal of 
detailed work on this subject has been done by paleobotanists, chiefly by Lesquereux and 
Knowlton, and the earlier part of the work is summarized by Whitney in his volume on the 
auriferous gravels. The later work has been sunmiarized by Prof. Knowlton in a paper form- 
ing a part of this chapter. It will be unnecessary, therefore, to enter into detail at this place. 
The determinable fossils consist almost wholly of leaves which, in places, have been preserved 
with extraordinary detail in the fine-grained sediments that cover the coarser gravels. Fossil 
wood is also extremely abundant at all horizons, but the species can rarely be determined with 
accuracy from such material. In a number of the intervolcanic channels, many of which were 
suddenly filled by slowly moving streams of volcanic mud, trunks of trees have been found 

> Auriferous gravels, 1879, pp. 219-231. 
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remaining in an upright position, with their roots in the gravel and a large portion of the trunk 
preserved in the volcanic tuff. Remains of this kind were observed in 1901 by the writer in 
the Weske tunnel on the Forest Hill divide, in Placer County. Browne * mentions the same 
occurrence and states that a number of ''oak and cedar trees'' were observed in this position, 
one of them nearly 100 feet in height and 4 feet in diameter at its base. He also says that 
such standing trees were found in the Bowen mine in the same channel and mentions similar 
occurrences in the intervolcanic channels near Deadwood, in Placer County. The andesitic 
tuff and tuff-breccia are also locally rich in casts of sticks and steins of fossil wood. 

The consistent evidence from all the fossil localities shows that the climate of this region 
in Tertiary time was like that of the southern temperate zone of the Atlantic coast region to-day. 
Species like those of laurel, maple, beech, fig, magnolia, walnut, and oak predominated and the 
climate was assuredly characterized by heavy rainfall. Whitney pointed out that there was 
no material difference in character between the floras collected from strata near the present 
sea level and those collected from points 6,000 or 7,000 feet above the sea, but he did not fully 
recognize that the cause of this similarity lay in the extensive late Tertiaiy tilting of the Sierra 
Nevada. Differences of level existed, of course, then as now, but were not nearly as pronounced, 
the highest summits rising probably not more than 4,000 or 5,000 feet above the Tertiary sea 
level. 

F. H. Knowlton expresses a final conclusion that the flora of the auriferous gravels indi- 
cates a Miocene age. One collection, however, differs somewhat from the rest. It was obtained 
by J. S. Diller from the vicinity of Susanville, in Lassen County, near the base of the auriferous 
gravels, which are there exposed in an exceptionally thick series. The locality is situated near 
the place where a large northward-draining river emptied into a broad estuary or bay. Prof. 
Knowlton believes that this collection clearly indicates an Eocene age. 

As shown in previous pages, the period of deposition of the auriferous gravels was long and 
includes several well-defined formations. The deepest gravels, of prevolcanic age, are coarse 
and have yielded no fossils, nor are there any valley deposits which have been shown to be 
contemporaneous with them. It is probable that the collection from Susanville, mentioned 
above, comes from strata equivalent in age to these deep gravels and that they were deposited 
in Eocene time. Above the deep gravels lie bench gravels of finer texture and these are imme- 
diately overlain by thick clays and rhyolitic tuffs. At these horizons were found the great 
collections from Chalk Bluffs and Independence Hill (see fig. 11, p. 148), which form the most 
important part of the testimony. The valley deposits, corresponding to the bench gravels, are 
called the lone formation, and the available evidence, though not extensive, indicates that this 
formation is of the same Miocene age. In Prof. Knowlton's list the Volcano Hill collection 
represents this horizon, and north of the fortieth parallel Diller has collected fossil leaves which 
confirm this conclusion. The localities are at Little Cow Creek, in the southeastern part of the 
Redding quadrangle, and near the head of Kosk Creek, in the Lassen Peak quadrangle. In 
this region the lone lies at a higher elevation than elsewhere and Diller believes that underneath 
the andesite it sweeps around the north end of the Sierra Nevada. The species identified, 
which are not comprised in Knowl ton's list on pages 61-62, though they were determined by 
him, are as foUows: ^ 



Little Cow Creek. 



FicuB aBiminsefolia? Lesq. 
Populufi zaddachi? Heer. 
Plataniifi diasecta Lesq. 
Laurus californica? Lesq. 
Salix n. sp. 
Cinnamomum n. sp. 
Zizyphus n. sp. 



Near head of Kosk Crc<k. 



Sabalites califomicus Lesq. 
Ulmus californica Lesq. 
Ficus tiliflBfolia Al. Br. 
Populufl zaddachi Heer. 
QuercuB convexa Lesq. 
Fagus antipofii Abich. 
Persea pseudo-carol in eiisis Lesq. 
Laurus sp. 

^iagnolia californica Lesq. 
Rhus mixta Lesq. 



1 Browne, R. E., Ancient river beds of the Forest Hill divide: Tenth Ann. Rept. California State Mlnoralogist, isyo, p. 44L 
s Diller, J. S., Redding folic (No. 138), QeoL Atlas U. 8., U. S. Geol. Survey, 1006. 
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Knowlton remarks that the collection indicates a Miocene age and that nothing in it 
suggests an age as old as the Eocene. 

At a few places bivalves have been found with fossil leaves. Diller found a Unio on Little 
Cow Creek; farther south, near the Oroville Table Mountain, Turner discovered a Corbicula in 
the same formation. In the Maiysville Buttes the present writer collected a number of marine 
fossils from beds believed to represent the lone.* These fossils were regarded by Dall and 
Steams as Miocene. The list is as follows : 



CraaBatella collina Conrad. 
Venericardia borealis Conrad. 
? Verticardia sp. 
Acila castrensis Hinds. 
Liocardium apicinum Carpenter. 
FusuB (Exilia) sp. 



Macoma sp. 

Tapes (Cuneus) sp. 

Saxidomus sp. 

Cardium (Fulvia) modestum. 

Galenis sp. 



Small collections of leaves have been made from tufis and clays in the interandesitic chan- 
nels — ^that is, those which were excavated and filled during the epoch of andesitic eruptions. 
Specimens have also been collected by H. W. Turner from the beds laid down in the Tertiary 
Mohawk Lake, which are covered by andesite but lie in a deep depression formed by faulting 
since the deposition of the earlier gravels. It has not been possible to recognize any distinction 
in age between these beds and those of the bench gravels from which the principal coUection 
came. According to present evidence, then, nearly the whole of the aurifisrous gravel series, 
from the top of the deep gravels to the latest andesitic flows, were deposited during the Miocene 
epoch. The deep gravels are recognized as probably Eocene. 

FLORA OP THE AURIFEROUS GRAVELS OF CALIFORNLA.. 

By F. H. Knowlton. 
INTBODUCnON. 

The auriferous gravels of California have been the subject of prolonged discussion as regards 
their geologic history, one of the most important points being the determination of their age. 
In the present chapter I have attempted to summarize the knowledge at present available 
regarding the bearing 6f the flora in fixing the position of these gravels in the time scale. 
Unfortunately I have not had sufficient time in which to study completely all of the material 
now in hand, but il seems improbable that subsequent study w^ill greatly modify the results 
here set forth. 

Before considering the plants it may be well to enumerate the localities which have afforded 
floras and to indicate briefly their presumed stratigraphic position. 

1. Chalk Bluffs, near You Bet, Nevada County, on the mam channel of the Neocene South Fork of the Yuba, at 
an elevation of about 3,000 feet. It is not possible to fix absolutely the position of the plant beds, as the locality is 
now much obscured by sliding debris, though, according to Mr. Lindgren, ft is certain that the plants came from eidier 
the uppermost bench gravels or the lowest rhyolitic tuffs, at a point approximately 500 feet above the bottom of the 
old channel. 

2. Washington gravel mine, Independence Hill, near Iowa Hill, Placer County. The plants come from the upper- 
most gravels of the antevolcanic period . 

3. Volcano Hill, Placer County. Thought to be of the same position and age as Chalk Bluffs. 

4. Monte Cristo gravel mine, summit of Spanish Peak, Plumas County. The leaves are from a bed overlain by 
andesite and belonging therefore to the intervolcanic period. 

5. Mohawk Valley, Plumas Coimty. Neocene lake beds containing rhyolitic fragments and overlain by andesite 
tuffs, hence intervolcanic. 

6. Bowen*s tunnel 2 miles north of Michigan Bluffs, Placer County. Apparently in the upper rhyolitic tuffs or 
gravels and just antedating the main andesitic flows. 

7. North Fork tunnel, on North Fork of Oregon Creek, near Forest City, Sierra County; 20 miles north of Chalk 
Bluffs. Position and age apparently similar to the last, namely, intervolcanic. 

8. Table Mountain, Tuolunme County. This locality is apparently in the upper part of the andesitic flows — that is, 
interandesitic. 

9. Corral Hollow, Alameda County. Apparently overlain by andesitic tuffs, therefore intervolcanic. 



I Lindgren, Waldemar, Marysville folio (No. 17), Geol. Atlas U. S., U. S. Oeol. Survey, 1895. 
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10. South of Mount Diablo, Contra Costa County Position presumed to be similar to the last. 

11. About 7i miles southwest of Susanville, Lassen County. 

12. North end of Mountain Meadows, Lassen County. 

13. Near Moonlight, Lassen County. 

The earliest known localities which afforded most of the material studied by Lesquereux are 
Chalk Bluffs, Nevada County; Table Mountain, Tuolumne County; Bowen's tunnel, Placer 
County ; and North Fork tunnel, near Forest, Sierra County. Most of this material, including 
the types and a considerable number of duplicates, is preserved in the University of California, 
where, by the courtesy of Dr. John C. Merriam, I was able to see and study it. 

A BBVISION OF liESQXJEBETJX'S "FOSSIL PLANTS OF THE AXTBIFEBOUS GBAVBL 

DEPOSITS OF THE SIEBBA NEVADA."^ 

Sabalites califomicus Lesquereux; op. cit., p. 1, PI. I, fig. 1. This specimen was not found in the museum of the 
University of California, and the locality given by Lesquereux may or may not be correct. Locality: Chalk Bluffs, 
Nevada Coimty (?). 

Betula xqualis Lesquereux; op. cit., p. 2, PI. I, figs. 2-4 (Nos. 1S55, 1856, 1857, Mus. Univ. California). Types all 
seen. Locality: Chalk Bluffs, Nevada County. 

Fagus arUipqfi Heer; op. cit., p. 3, PI. II, fig. 13 (No. 1914, Mus. Univ. California). This leaf, of which only the 
base is present, is strongly suggestive of both Qiiercus olafseni ^ and Q. nevadenns,^ but seems to differ in being a thicker 
leaf with a heavier midrib and very numerous, close, strong nervilles. Locality: Table Mountain, Tuolunme County. 

Fagu8 pteudo-femtffinea Lesquereux; op. cit., p. 3, PI. II, fig. 14 (No. 18d8, Mus. Univ. California). Locality: 
Chalk Bluffs, Nevada County. 

Querela elsenaides Lesquereux; op. cit., p. 4, PI. I, figs. 9-12. Only two of the types could be fotmd in the Museum 
of the University of California — the originals of figures 9 (No. 1922) and 11 (No. 1975). Locality: Table Motmtain, 
Tuolumne County, and Bowen's tunnel, near Forest, Sierra County. 

Querctis convexa Lesquereux; op. cit., p. 4, PI. I, figs. 13-17 (Nos. 1869-1873, Mus. Univ. California). Locality: 
Tabla Mountain, Tuolumne County. 

Qitercus nevadensis Lesquereux; op. cit., p. 5, PI. II, figs. 3, 4 (Nos. 1860, 1861, Mus. Univ. California). Locality: 
Chalk Bluffs, Nevada County. 

QuerciLs howeniana Lesquereux; op. cit., p. 6, PI. II, figs. 5, 6 (No. 1965, Mus. Univ. California). Locality: Bowen's 
claim= Bowen's tunnel, 2 miles north of Michigan Bluff, Placer County (?). 

Quercus distincia Lesquereux; op. cit., p. 6, PI. II, "figs. 8, 9 (fig. 8, No. 1865; fig. 9, No. 1866, Mus. Univ. California). 
Locality: Chalk Bluffs, Nevada County. 

Quercus gdpperti Lesquereux; op. cit., p. 7, PI. II, fig. 11 (No. 1853, Mus. Univ. California). Locality: Chalk 
Bluffs, Nevada County. 

Quercus voyana Lesquereux; op. cit., p. 8, PI, II, fig. 12 (No. 1897, Mus. L'niv. California). Locality said to be 
Chalk Bluffs, Nevada County, but tmcertain. In any event it is not a well-marked species, consisting simply of the 
basal portion of a small leaf. 

Castaneopsis chrysophylloides Lesquereux; op. cit., p. 9, PI. II, fig. 10 (No. 1854, Mus. Univ. California). Locality: 
Chalk Bluffs, Nevada County. 

Salix califomica Lesquereux; op. cit., p. 10, PI. I, figs. 18-21 (Nos. 1875-1878, Mus. Univ. California.) Locality: 
Table Mountain, Tuolumne County. 

Salix elliptica Lesquereux; op. cit., p. 10, PI. I, fig. 22. Type not found. Said to be from Chalk Bluffs, Nevada 
County. 

Populus zaddachi Reer; op. cit., p. 11, figs. 1-8 (Nos. 1817, 1819-1823, Mus. Univ. California). This species is 
abundant, there being not less than a dozen more or less perfect leaves besides the ones figured. With the exception of 
the leaf shown in figure 6, all seem to be fairly uniform in shape and general character. This particular leaf is much 
narrower and more wedge-shaped at the base and should probably be referred to Zizyphus piperoides Lesquereux (p. 59). 
Locality: Chalk Bluffs, Nevada County. 

Platanus appendiculata Lesquereux; op. cit., p. 12, PI. Ill, figs. 1-6; PI. VI, fig. 7*' (Xos. 1843-1846, Mus. Univ. 
California). Locality: Chalk Bluffs, Nevada County. 

Platanus dissecta Lesquereux; op. cit., p. 13, PI. VII, fig. 12; PI. X, figs. 4, 5 (Xos. 1831, 1832, Mus. Univ. Cali- 
fornia). Locality: Table Mountain, Tuolumne County. 

Liquidambar califomicum Lesquereux; op. cit., p. 14, PI. VI, fig. 7^; PI, VII, fips. 3, 6 (Nos. 1840, 1841, Mus. 
Univ. California). Locality: Chalk Bluffs, Nevada County. 

Ulmus califomica Lesquereux; op. cit., p. 15, PI. IV, figs. 1, 2; PI. VI, fij^. 7* (Nos. 1915, 1916, Mus. Univ. 
California). All the types of this species are present in the University of California, as well as 20 or more additional 
examples. 



> Mem. Mus. Ck>inp. Zool. Harvard Coll., vol. 6, No. 2, 1878, pp. 1-vl, 1-62, Pb. I-X. As all references In the followinj; ILst are to this publica- 
tion the complete citation is not repeated under each species. 

« Leaquereux, Leo, The Cretaceous and Tertiary floras: Rept. U. S. Oeol. Survey Terr., vol. 8, 18S3, p. 245, PI. LI V, flg. 3. 
» Idem, PI. II, flga. 3, 4. 
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They agree ftkirly well among themselves, although there is considerable range in size. Lesquereux describes them 
as having the "borders irregularly denticulate/* The types do not show this (the figures being slightly wrong), but 
have the margin somewhat doubly serrate as described for U. affinis. Locality: Chalk Blu£Fs, Nevada Goimty. 

Ulmus pseudo-fulva Lesquereux; op. cit.,p. 16, PI. IV, fig. 3. The types of this species is probably at Harvard. 

Ulmu» affinis Lesquereux; op. cit., p. 16, PI. IV, figs. 4, 5. The types of this species could not be found. Figure 
5=^. calif omica; figure 4 is doubtful. It has, according to the figure, a long petiole, a somewhat wedge-shaped, 
base and closer parallel secondaries. It may be a good species. 

Ficua 8ordida Lesquereux; op. cit., p. 17, PI. IV, figs. 6, 7 (Nos. 1812, 1813, Mus. Univ. California). Locality: 
Chalk Bluffs, Nevada County. 

? Ficus tiliaefolia Al. Braun; op. cit., p. 18, Pi. IV, figs. 8, 9 (Nos. 1814, 1815, Mus. Univ. California). Beyond 
the fact that these leaves are somewhat smaller than those of F. sordida and slightly unequal-sided at the base, they 
show absolutely no difference. They have the same thick petiole, the same number of basal ribs, and the same 
manner of branching in the lowest pair of ribs, and the nervilles and finer nervation, so far as can be made out, are 
identical. I should incline to regard them as belonging to F, sordida. Locality: Chalk Bluffs, Nevada Coimty. 

Ficus mxcrophylla Lesquereux; op. cit., p. 18, PI. IV, figs. 10, 11 (Nos. 1809, 1810, Mus. Univ. California). Local- 
ity: Table Motmtain, Tuolumne County. 

Persea pseudo<arolinensis Lesquereux; op. cit., p. 19, PI. VII, figs. 1, 2. Magnolia califomioa Lesquereux; op. cit., 
p. 25, PI. VII, fig. 5 (not figs. 6, 7). All these leaves are in the Museum of the University of California (Nos. 1802- 
1804). The example referred to Magnolia cali/omica by Lesquereux is absolutely identical with Persea pseudo- 
earolinensis (PI. VII, fig. 2), having the same secondaries and characteristic fine nervation. Both examples of 
P. pseudo-carolinensis are said by Lesquereux to be from Table Mountain, but figure 1 is from Chalk Bluffs. The 
example transferred from Magnolia cali/omica is from Table Mountain. 

Aralia lokUneyi Lesquereux; op. cit., p. 20, PI. V, fig. 1 (No. 1838, Mus. Univ. California). Locality: Chalk 
Bluffs, Nevada County. 

Aralia zaddachif Heer; op. cit., p. 21, PI. V, figs. 2, 3. Much confusion exists regarding Lesquereux's identifi- 
cation of this form. The fragmentary leaf shown in Plate V, figure 3, is a part of the same leaf as that figured by 
Lesquereux in the Cretaceous and Tertiary floras, Plate LIX, figure 3, under the name Acer trilobatum productum. 
Furthermore, the Acer portion of the leaf is said to have come from "Currant Creek, John Day Valley, Oregon," 
while the other (Aralia) portion comes from Table Mountain, California. The latter statement is correct, as the 
locality is so marked on the back of both pieces. This composite belongs to neither of the above genera but is prob- 
ably to be referred to Platanus dissecta Lesquereux, although it does not agree in every particular. 

Aralia angustiloba Lesquereux; op. cit., p. 22, PI. V, figs. 4, 5 (Noe. 1904, 1905, Mus. Univ. California). The 
material on which these specimens are preserved is quite unlike the soft white material from Chalk Bluffs, being a 
very hard, heavy, nearly black ironstone, evidently a nodule. Locality: Chalk Bluffs, Nevada County. 

Comus ovalis Lesquereux; op. cit., p. 23, PI. VI, figs. 1, 2 (Nos. 1902, 1903, Mus. Univ. California). Locality: 
Table Mountain, Tuolumne County. 

Comus helloggii Lesquereux; op. cit., p. 23, PI. VI, fig. 3 (No. 1816, Mus. Univ. California). Locality: Chalk 
Bluffs, Nevada County. 

Magnolia lanceolata Lesquereux; op. cit., p. 24, PI. VI, fig. 6 (No. 1801, Mus. Univ. California). The nervation 
is said by Lesquereux to be "lost," but the nervilles are present and, as nearly as can be made out, are percurrent. 
Locality: Chalk Bluffs, Nevada County. 

Magnolia cali/omica Lesquereux; op. cit., p. 25, PI. VI, figs. 6, 7 (not fig. 5, 'wh\ch.= Persea pseiuhcarolinensis; 
see above. No. 1805, Mus. Univ. California). Locality: Chalk Bluffs, Nevada County. 

Acer xquidentatum Lesquereux; op. cit., p. 26, PI. VII, figs. 4, 5 (Noe. 1836, 1837, Mus. Univ. California). This 
eems more like a Platanus than an Acer^ but in the absence of further information it may be allowed to remain as 
assigned by Lesquereux. Locality: Chalk Bluffs, Nevada County. 

Acer bolanderi Lesquereux; op. cit., p. 27, PI. VII, figs. 7-11 (Nos. 1825-1829, Mus. Univ. California). Locality: 
Table Mountain, Tuolumne County. 

Zizyphus piperoides Lesquereux; op. cit., p. 28, PI. VIII, figs. 10, 11 (No. 1859, Mus. Univ. California). One 
figure of this leaf (fig. 10) is wrong — instead of the lower nerves coming aroimd in a circle above the top of the petiole, 
as shown in the figure, they come down at a low angle. They do not curve around. The finer nervation consists 
of loose nervilles forming an open network. Locality: Chalk Bluffs, Nevada County. 

Zizyphus microphyllus Lesquereux; op. cit., p. 28, PI. VIII, fig. 9. Type not seen. Locality: Chalk Bluffs, 
Nevada County. 

Ilex pruni/olia Lesquereux; op. cit., p. 27, PI. IX, fig. 7 (No. 1924, Mus. Univ. California). Locality: Table 
Mountain, Tuolutnne County. 

Rhus typhinoides Lesquereux; op. cit., p. 29, PI. IX, figs. 1-6 (Noe. 1889-1894, Mus. L^niv. California). Locality: 
Table Mountain, Tuolumne County. 

Rhus boweniana Lesquereux; op. cit., p. 29, PI. IX, figs. 8, 9. Types not seen. Locality unknown, supposed 
to be Table Mountain, Tuolumne County. 

Rhus mixta Lesquereux; op. cit., p. 30, PI. IX, fig. 13. Type not seen. Locality: Chalk Bluffs, Nevada County. 

Rhtis myricas/olia Lesquereux; op. cit., p. 31, PI. I, figs. 5-8 (Nos. 1849-1852, Mus. Univ. California). Not all 
the types seen. Locality: Chalk Bluffs, Nevada County. 
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Rhtts metopioides Lesquereux; op. cit., p. 31, PI. VIII, figs. 12, 13 (Nos, 1867, 1868, Miw. Univ. California). 
Ijocality: Table Mountain, Tuolumne County. 

Rhus dispersa Lesquereux; op. cit., p. 32, PI. I, fig. 23 (No. 1901, Mus. Univ. California). .Locality: Table 
Mountain, Tuolumne County. 

Zanthoxylon diversifolium Lesquereux; op. cit., p. 33, PI. VIII, figs. 14, 15 (Nos. 1899, 1900, Mus. Univ. California). 
As Lesquereux pointed out, these leaves are very diverse in size and may represent two species, yet they have the same 
irregular shape and the same nervation. Locality: Table Mountain, Tuolumne CoUnty; not ^'Bowen's claim," as 
stated by Lesquereux. 

Juglans cali/omica Lesquereux; op. cit., p. 34, PI. IX, fig. 14; PI. X, figs. 2, 3 (Nos. 1863, 1864, 1881, Mus. Univ. 
California). Locality: Chalk Bluffs, Nevada County. 

Juglans oregoniana Lesquereux; op. cit., p. 35, PI. IX, fig. 10. This species, thought by Lesquereux to have come 
from Chalk Bluffs, is from Van Horn's ranch, John Day Valley, Oregon (cf. Knowlton, F. H., Bull. U. S. Geol. Siurvey, 
No. 204, 1902, p. 36). 

Juglans laurina Lesquereux; op. cit., p. 35, PI. IX, fig. 11. Type not seen. Locality: Chalk Blulb, Nevada 
County. 

Juglans egregia Lesquereux; op. cit., p. 36, PI. IX, fig. 12; PI. X, fig. 1 (No. 1862, Mus. Univ. California). Local- 
ity: Chalk Bluffs, Nevada County. 

Cercocarpus anttquus Lesquereux; op. cit., p. 37, PI. X, figs. 6-11 (Nos. 1882-1887, Mus. Univ. California). Local- 
ity: Table Mountain, Tuolumne County. 

The following species are described but not figured in an appendix to Lesquereux's paper (pp. 59-62). They are 
supposed to be preserved in the Museum of Comparative Zoology, Cambridge, but I have not seen them. They all 
come from a tunnel near the Bald Mountain tunnel, on the north fork of Oregon Creek, near Forest City, Nevada County: 
Quercus transgressus Lesquereux. 
Quercus steenstrupiana? Heer. 
Quercus pseudo-chrysophylla Lesquereux. 
Acer arcticum Heer. 
Acer species. 

THE FLOBA COLLECTED NEAR SUSANVILLE. 

In point of time perhaps the next collection from the auriferous-gravel area was a small one 
made by J. S. Diller in 1885 or 1886, from a deep ravine about 7i miles southwest of Susanville, 
Lassen County. This material was studied by Lesquereux,* who reported the presence of 15 
species which he regarded as being of Eocene age. Additional material wluch has been col- 
lected by Mr. Diller and his assistants within the last few years from the same locahty, though 
apparently at a higher horizon, has been worked up by the writer. As the recently collected 
material is almost wholly different from that first collected, it became a matter of great interest 
to go over the original collection, which is fortunately preserved in the United States National 
Museum, and verify or otherwise dispose of Lesquereux's determinations. This study has 
resulted in a number of changes and corrections to accord with the more modem understanding 
of the forms involved. The following is a list of the forms as now recognized: 



Quercus moorii Lesq. 
Quercus olafseni? Heer. 
Juglans nigosa Lesq. 
Laurus grandis Lesq. 
Laurus calif omica Lesq. 



Aralia lasseniana Lesq. 
Magnolia inglefieldi Heer. 
Magnolia hilgardiana Lesq. 
Cinnamomum! scheuchzeri? Heer. 
Leguminosites sp. 
Oreodaphne litseeformis Lesq. 

The other species recognized by Lesquereux are disposed of as follows: 

Magnolia califomica Lesq.=Magnolia inglefieldi. 

Laurus socialis Lesq. = Laurus califomica. 

Comus hyperborea Heer=Magnolia inglefieldi. 

Oreodaphne heerii Gaud.^Oreodaphne litseeformis. 

Ficus appendiculata Heer— Laurus grandis. 

Phragmites ceningensis Al. Br. Worthless; rejected. 

Ephedrites sotzkianus Schimp. Locality wrong; rejected. 

Alnus nostratum? Unger. Specific name wrong; specimen a mere fragment; rejected. 

Of the eleven species above enumerated as found in the lower beds southwest of Susanville, 
two (Aralia lasseniana vmA Oreodaphne litsseformis) were described as new and have not been 

» Proc. U. 8. Nat. Mus., vol. 11, 1888. pp. 28-31. 
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found outside. ,0f the remaining eight forms only one (Lauras califamica) occurs typically in 
the auriferous gravels, although another {Laurus grandis) has been found at Corral Hollow, 
Alameda County. Two species {Magnolia hilgardiana and Quertma moorii) come originally 
from the Eolignitic of Mississippi. M.hUgardiaria has also been reported from the "Laramie" 
of Fishers Peak, New Mexico, and the Fort Union of Montana; Q. moorii is otherwise known 
only from the original locaUty, Magnolia inglefieldi, wluch came originally from the Miocene 
(or upper Eocene) of Greenland, has been reported doubtfully from the Mascall formation 
(Miocene) of the John Day Valley, Oregon, Juglans rugoaa, on the other hand, enjoys a wide 
vertical distribution from the true Laramie through various post-Laramie beds into the Fort 
Union. 

From this brief review it api>ears beyond reasonable question that the lower plant-bearing 
beds southwest of Susanville are probably below and slightly older than the typical auriferous 
graveb, hence are possibly in the upper Eocene. Tlie matrix in which the plants are preserved 
is entirely different from any known in the auriferous gravels, being a much consolidated, rather 
hard blackish clay shale or slate, whereas that of the true auriferous gravels is usually a fine, 
soft clay or tuff. 

SUIOUBT OF PRESENT ENOWI^DGE OF THE FI<OBA. 

We may now proceed to an enumeration and consideration of the auriferous gravel flora 
as at present understood, beg^ning first with a table showing the local as well as the outside 
distribution : 

IHltribulion qf the auriferoiu gravtlfiorat. 
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According to the foregoing table there are at least 15 localities at which the auriferous 
gravels have been found to be plant bearing, the combined flora constituting an assemblage of 
114 forms. The oldest or so-called deep gravels of Lindgren have not been found fossiUferous, 
the lowest apparent point at which plants occur being the upper portion of the bench gravels. 
To this horizon belong the localities of Chalk Bluffs, Nevada County (32 species) ; Independence 
Hill, Placer County (54 species); and Volcano Hill, Placer County (5 doubtfully determined 
species). The following localities with their respective floras are all intervolcanic : Monte 
Cristo mine, Spanish Peak, Plumas County (7 species); Moha>\4c Valley, Plumas County (12 
species) ; Bowen's Tunnel, Placer County (3 species) ; near Forest City, Sierra County (5 species) ; 
Table Mountain, Tuolumne County (18 species); Corral Hollow, Alameda County (19 species); 
and south of Mount Diablo, Contra Costa County (5 species). According to J. S. Diller it is not 
possible to recognize in the auriferous-gravel area of Lassen Coimty the horizons defined by 
Lindgren in the areas to the south, because the orogenic movements and subsequent denudation 
and covering have been so great as to effectively conceal the conditions. The three localities 
in Lassen County have yielded floras as follows : North end of Mountain Meadows (1 species) ; 
7i miles southwest of Susanville (8 species); and near Moonlight (13 species). 

On referring again to the table it appears that of the 114 species constituting this flora, 35 
species, or about 31 per cent, are found beyond the limits of the auriferous-gravel area. Of 
these 35 species 2 have been found in the Laramie, 3 in the post-Laramie, 13 in the Fort Union, 
6 in the Green River formation, 11 in the Eocene of various places, and 22 in the Miocene. It is 
on these species, taken in conjunction with the obvious affinities of the endemic forms, that we 
must depend in determining the bearing of the plants on the age of the beds. 

In the first volume of the * 'Geological Survey of California" J. D. Whitney considered the 
age of the auriferous gravels, and from the presence of bones of mastodon, elephant, rhinoceros, 
horse, camel, etc., as well as their apparent association with man-made implements, he con- 
cluded that they must belong to the Pliocene. J. S. Newberry, to whom was submitted plants 
from the Table Mountain locality, stated as his opinion that the beds ' Vere not older than the 
Miocene.'' Leo Lesquereux, who next passed upon the fossil plants, stated that while a number 
showed evident affinity with the Miocene, and some even with the Upper Cretaceous, he con- 
cluded that the age should probably be regarded as lowest Phocene or uppermost Miocene. 
Lesquereux was doubtless largely influenced in this view by the fact that a considerable number 
of the species studied by him showed undoubted affinity with species now living on the Atlantic 
slope. But since the time Lesquereux first wrote on the subject (1878) the known flora of the 
auriferous gravels has been considerably more than doubled, and, indeed, when he came to 
study later collections from Corral Hollow, the Monte Cristo mine on Spanish Peak, and Shasta 
County, he unhesitatingly placed them in the Miocene. My own rather desultory studies of this 
flora, which, however, included the rich deposits of Independence Hill, inclined me to regard it 
as clearly Miocene, a view which I still hold. On stratigraphic and physiographic grounds the 
conviction appears to have been growing of late that the auriferous-gravel period was a long 
one, possibly beginning as early as the Eocene, and if the plants obtained by J. S. Diller from 
the lower beds south of Susanville are really to be considered as belonging to the auriferous 
gravels this view is undoubtedly well founded, for these plants are clearly Eocene. But, as 
already pointed out, the matrix of the Susanville forms is entirely different from that carrying 
plants at aU other localities, and I think it has yet to be demonstrated that this horizon is not 
lower and older than the true auriferous gravels. 

Thus far no fossiliferous marine beds have been found in association with the plants within 
the area of the auriferous gravels, but in the Roseburg, Coos Bay, and Riddles quadrangles of 
southwestern Oregon Diller * has found plants apparently in the same beds with marine shells 

1 PxxMS. Washington Acad. Sci., vol. 8, 1907, p. 405. 
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that have been determined by W. H. Dall to be of undoubted Eocene age. The plant material 
was very poorly preserved, but from it I was able to make the following provisional identifica- 
tions: 



Magnolia lanceolata Lesq. 
Magnolia calif omica? Lesq. 
Laurus calif omica? Lesq. 
Sabalites calif ornicue? Lesq. 
Alalia whitneyi Lesq. 



PopuluB zaddachi Heer. 
Aralia angustiloba? Lesq. 
Juglans califomica? Leeq. 
Ulmus califomica Lesq. 
Ficus tiliaefolia Al. Braun. 



It needs but a glance to show that this list is typically that of the auriferous-gravel flora, 
but unfortunately, as stated above, the material is so poorjy preserved that all but three of the 
identifications are much in doubt. The tliree species, which are positively identified, are Magno- 
lia lanceolata, Aralia whitneyi, and Ulmus califomica. On referring to the table it appears that 
two of these species (Magnolia lanceolata and Aralia whitneyi) are among those found outside 
of the auriferous gravels, at horizons which take them well down into the acknowledged Eocene. 
They have both been reported from the Fort Union formation as well as from the lone forma- 
tion of Shasta County, Cal., and other localities — a fact which undoubtedly robs them of the 
significance they might otherwise have as tending to prove the Eocene age of all the auriferous 
gravels. It is not to be denied, however, that an analysis of the table of distribution shows that 
a fair percentage of the 35 species having an outside range occur at horizons below the Miocene, 
but on the other hand there are 22 species (about 60 per cent) which are found in or confined to 
the Miocene. 

Thus far the obvious affinity of the endemic species of this flora has not been considered, 
and lack of space prevents a complete analysis of this kind here, but I do not hesitate to state 
that in broad terms this affinity is beyond question with the Miocene. In conclusion, therefore, 
I feel myself justified in holding to the opinion that the flora of the auriferous gravels is of 
Miocene age. 



• CHAPTER 4. GOLD OF THE TERTIARY GRAVELS. 

OEOGRAPHIC DISTRIBUTION. 

The occurrence of gold in paying quantities in the Tertiary gravels of the Sierra Nevada 
is limited almost entirely to the gravels in which quartz and metamorphic rocks form the 
principal components. This is natural because the gold is derived wholly from veins occurring 
in the metamorphic rocks of the range. In places gold-bearing deposits of primary character 
are also foimd in granitic rocks adjacent to the metamorphic area, but these granitic rocks rarely 
furnish material for pebbles and cobbles on account of their rapid disintegration. A little fine 
or flour gold is found in the sands and clays which cover the gravels. Gravel beds embedded 
m the volcanic series and consisting chiefly of andesitic pebbles contain gold only when during 
their deposition adjacent beds of older gravels or parts of the ''Bed-rock series" happened to 
be exposed to erosion. The Tertiary rocks of the western slope of the range, almost without 
exception, are barren of precious-metal deposits. 

The distribution of detrital gold is strictly dependent on the distribution of primary deposits 
m the pre-Tertiary rocks of the range. These are confined almost exclusively to the Paleozoic 
and Mesozoic sedimentary rocks and to the igneous rocks which are associated with them and 
which were erupted and metamorphosed before the principal intrusion of the great granitic 
masses of the Sierra took place. The primary gold deposits were formed shortly after these 
granitic intrusions. It is a remarkable fact that the large areas of granite in the Sierra are 
almost wholly barren except close to the contact with the metamorphic series, where smaller 
veins may begin to appear. About the same time as the main intrusion minor masses of 
granitic and dioritic rocks were forced into the adjacent older series. In and surrounding these 
smaller intrusions gold-bearing deposits are particularly abundant. In their distribution the 
gold-bearing gravels reflect these conditions in a m6st accurate manner. The Tertiary and 
recent rivers traversing the large granite area of the upper part of the range are in general 
entirely barren, but after entering the metamorphic areas they speedily become charged with 
auriferous detritus. The amount of gold contained in the streams changes within short distances. 
Adjacent to the main granite contact, in Eldorado, Amador, and Calaveras counties, are con- 
siderable areas of the Calaveras formation — monotonous clay slates or siUceous slates without 
many areas of igneous rocks. Here the Tertiary channels are poor as a rule, but lower down 
they become greatly enriched on reaching the areas in which sedimentary and igneous rocks 
are intimately mingled. 

In Sierra, Yuba, and Butte counties the Tertiary channels are rich in gold almost up to the 
divide of the range, the conditions corresponding to those outlined above. In Nevada County 
they are barren in the extreme eastern part, but soon after entering the metamorphic area they 
become greatly enriched, first by the Washington belt of quartz veins and second after crossing 
the long complex dike known as the Serpentine belt. In Placer County the channels are almost 
barren in the eastern part but become tremendously enriched in crossing the continuation of 
the Washington belt of quartz veins, here appearing in the vicinity of the Hidden Treasure mine. 
The Serpentine belt is crossed near Forest Hill and here the result is again a great enrichment. 
In Eldorado County the upper channels to points within a few miles of Placerville are generally 
poor, but at those points, where they cross the Mother I^de, coarse gold appears in enormous 
quantities and the enrichment continues for a considerable distance below this line. In the 
counties farther south similar conditions prevail. Wherever the channels cross areas rich in 
gold-bearing quartz veins they become heavily charged with gold. Above such deposits the 
channels grow rapidly poorer; below them the decrease in tenor is gradual. In Amador, 
Calaveras, and Tuolumne counties it so happens that most of the ancient river deposits below 
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the great Mother Lode are either eroded or so heavily covered that they can not be mined. 
This great source of enrichment being absent, the general grade of the gravels in these counties 
is lower than in those farther north. In Tuolumne County, just previous to the Table Mountain 
flow, a drainage channel was established for a short time across the Mother Lode and this water- 
course, covered by a basaltic flow of great resistance, has escaped subsequent erosion. The 
gravels deposited in it have been mined underneath the Table Moimtain west of the Mother Lode. 
They were rich id places, but the channel existed for too short a time to become heavily enriched. 
Smaller patches of gravel preserved in the same position west of the Mother Ijode, as near 
Chinese Camp, have proved very rich. South of Tuolumne County few Tertiary gravels have 
been preserved from erosion. 

The geographic relations sketched above in merest outline prove conclusively the dependence 
of the gravels for their enrichment on the distribution of the primary vein deposits, and it may 
be safely asserted that the gold in the channels is almost exclusively derived from such deposits. 

DISTRIBUTION OF THE GOLD IN THE GRAVELS. 

It has become almost an axiom among miners that the gold is concentrated on the bed- 
rock and all efforts in placer mining are generally directed toward finding the bedrock in order 
to pursue mining operations there. It is well known to all drift miners, however, that the gold 
is not equally distributed on the bedrock in the channels. The richest part forms a streak of 
irregular width referred to in the English colonies as the '*run of gold" and in the United States 
as the "pay streak" or "pay lead." This does not always occupy the deepest depression in the 
channel and sometimes winds irregularly from one side to the other. It often happens that the 
values rapidly diminish at the outside of the pay lead, but again the transition to poorer gravel 
may be very gradual. . An exact explanation of the eccentricities of the pay lead may be very 
diflScult to furnish. Its course depends evidently on the prevailing conditions as to velocity of 
current and quantity of material at the time of concentration. The gravel outside of the "pay 
streak" would ordinarily be regarded as extremely rich by the hydraulic miner, who would be 
content with a yield of 10 cents a cubic yard; but the drift miner is obliged to leave as unpayable 
gravel containing from 75 cents to $2 a cubic yard. Figure 12 (p. 151) illustrates the position 
of the pay lead in the Mayflower channel, according to Ross E. Browne. 

SIZE OF THE GOLD. 

Although the larger part of the gold in the channels is fine or moderately fine, large nuggets 
aw sometimes found and much speculation has been indulged in as to their origin. It has been 
repeatedly stated in the Uterature that large nuggets occur more commonly in the gravels 
than in tfie veins. It is difficult to trace the origin of this tradition; it certainly has little 
foundation in fact. The largest masses of gold found in California are said to be that from 
Carson Hill, which weighed 195 pounds troy, and that from the Monumental quartz mine, 
in Sierra County, which weighed about 100 pounds troy. The mass at Carson Hill, if not 
directly in a quartz vein, was at any rate immediately below the croppings and not in any 
well-defined alluvial channel. The well-known heavy nuggets obtained near Columbia, Tuol- 
umne County, were found in a vicinity of rich pocket veins where decay of rocks has pro- 
ceeded without much interference since Tertiary time, and in which assuredly there has been 
little transportation. Heavy masses of gold are exceedingly common in the so-called pocket 
veins of Sonora. Many of the veins near Alleghany and Minnesota, in Sierra County, contain 
remarkably heavy masses of gold. Hanks,^ in his list of nuggets found in California, states 
that a slab of gold quartz extracted from the Rainbow mine, near the locality just mentioned, 
was calculated to contain gold to the' value of $20,468. The total yield from a single pocket 
of this mine was $116,337. 

The Ballarat nuggets, some of which weighed from 100 to 200 pounds, found near the town 
of Ballarat, in Victoria, Australia, are often quoted as conspicuous examples of masses of gold 

> Hanka, 11. G., Second Rept. State Mineraloglat Callfomia. 18S2, p. 49. 
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found in streams for which an explanation is difficult. It is true that these nuggets were 
recovered by raining channels underneath the basalt, but it is not ordinarily noted that these 
channels were simply small gullies or ravines heading a short distance from the place where 
they were mined and traversing the decomposed outcrops of an exceedingly rich system of gold- 
bearing quartz veins. Of the direct derivation of these nuggets from such veins by processes 
of erosion and rock decay there can be no doubt. 

The gold in the larger channels of the Sierra Nevada is usually fine to medium fine. Grains 
of the size of wheat kernels are considered as being very coarse gold, and in most places the 
size of the average grain corresponds more nearly to that of a mustard seed. In form most 
of the grains are flattened, a natural result of the continual pounding of the particles by the 
cobbles in the moving gravel. A certain proportion of the gold is extremely fine, and this 
part constitutes the so-called flour gold, which may be so fine that one or two thousand particles 
must be obtainod to get the value of a cent. 

Few systematic investigations are available regarding the proportion of coarse and fine 
gold in the channels, and the various localities show indeed great divergence. The data given 
by Hanks ^ and Blake ' regarding the occurrence of nuggets show that in the main channels 
large masses of gold are on the whole rare. Most of the masses noted are from gulches or 
minor streams close to croppings. Very coarse gold was found in the tributary channel 
extending from Minnesota to Forest. In the Live Yankee claim, at Forest, 12 nuggets 
were found weighing from 30 to 170 ounces. At Remington Hill and Lowell Hill, in Nevada 
County, both of which are on a tributary to the main river, pieces weighing from 58 to 186 
ounces are recorded. The gold is rarely found in the quartz pebbles and bowlders of the 
channels; however, Blake records the discovery at the Polar Star mine of a white quartz 
bowlder which yielded gold to the value of $5,760. This is in the gravel of a principal tributary 
to the Tertiary Yuba River, at a point where the contact of slates with the *' Serpentine belt" 
is crossed. The White channel, mined by the Hidden Treasure mine, contains rather unusually 
coarse gold. It is a broad gravel deposit, 800 feet wide in places, accumulated on a tributary 
to the main river descending by way of Long Canyon, Michigan Bluff, and Forest Hill. The 
coarse gold is explained by the fact that the stream followed a belt of clay slate rich in auriferous 
quartz veins. Some of the gold occurs in rounded grains, many of which have pitted surfaces, 
but most of the pieces are flat. Small nuggets of a value of 10 to 50 cents are common, and 
larger pieces worth from $10 to $400 are occasionally encountered. At the celebrated Morning 
Star and Big Dipper drift mines, at Iowa Hill, the gold is also decidedly coarse, some pieces of a 
value up to $20 being found, but at other places along the same main branch of the Tertiary 
Yuba River much finer gold prevails, and a small part of it, which is diflicult to recover, can 
even be classed as flour gold. Blake states that in the deep channels at You Bet, in Placer 
County, the gravel is in some places literally packed with small scale gold. He found that 
in a sample from American River the scales averaged less than 1 millimeter in diameter. The 
thickness is usually from one-third to one-fifth of the diameter. 

Hoffman ' has furnished a valuable description of the Red Point channel, which forms a 
tributary or upper extension of the White channel, on the Forest Hill divide. The gold 
obtained in this drift mine was classified by him as follows: Coarse, 15.78 per cent; medium, 
48 per cent; fin^, 36 per cent; powder, 0.32 per cent. Coarse gold is defined as that which will 
not pass a sieve of 10 meshes to the inch. Medium gold is defined as that which will not pass 
a 20-mesh sieve; this is more scaly and uniform in size, averaging 2,200 colors to the ounce. 
Fine gold is defined as that which will not pass a 40-mesh sieve; this averages 12,000 colors 
to the ounce. The remaining part, or powder, passed through a 40-mesh sieve and averages 
40,000 colors or more to the ounce. 

On the whole, it may be said that flour gold, such as is found in the beaches of the 
California and Oregon coasts or in the sands of Snake River, is not abundant in the Tertiary 

1 Hanks, H. 0., Second Rept. State Mineralogist California, 1882, pp. 148-150. 

> Blake, W. P., The various forms in which gold occurs in nature: Repts. Dir. Mint on Precious Metals, 1885, pp. 573-607. 

* Hoffman, C. F., The Red Point drift gravel mines: Trans. Tech. Soc. Pacific Coapt, vol. 10, No. 12, 1894, pp. 291-307. 
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or present gravek of the Sierra Nevada. During both Tertiary and present time the grades 
of the rivers have been such as to prevent its accumulation, and the largest part of such 
material has undoubtedly been swept out among the sediments which now fill the Great Valley 
of California. 

RELATIVE VALUE OP QUARTZ GOLD AND PLACER GOLD. 

Observations in all parts of the world have shown that placer gold is always finer than the 
gold in the quartz veins from which the placers were derived. The explanation, as has been 
shown in a most convincing manner by Ross E. Browne,* among others, is that the silver alloyed 
with the gold is dissolved by the action of surface waters. The purity of the gold becomes 
greater as the size of the grains diminishes, the explanation being, of course, that the propor- 
tionate amount of surface exposed to the action of solutions is greater in the finer gold. An 
interesting confirmation of this view is recorded by McConnell,' who states that examination of 
nuggets from the Klondike shows that their surfaces consist of gold of greater fineness than their 
insides. Some interesting data on the fineness of California gold have been contributed by F. A. 
Leach and C. G. Yale.' A few of these data, wliich were obtained from mint returns for a period 
embracing several months of 1898, are mentioned below. The average fineness of the gold of 
Nevada County Ls given as 855 ; of Placer County, 792 ; of Plumas County, 851 ; of Sierra County, 
858 ; of Calaveras County, 835 ; of Tuolumne County, 804. This includes both placers and quartz 
mines. The finest gold produced in California is that from the San Giuseppe quartz mine, near 
Sonora, Tuolumne County. Tliis gold runs from 982 to 998, or $20.63 an ounce. On the whole, 
however, the gold from quartz veins is decidedly lower in grade than that from placers. The 
highest average of fineness in California is that of the gold from the placers at Folsom, Sacra- 
mento County, w^hich runs from 974 to 978. The gold from the dredging areas of Butte County, 
near Oroville, is also of liigh grade, averaging about 922. At the locaUties cited the gold is 
obtained mainly from Quaternary deposits in the present rivers. 

In Plumas County the listings of quartz gold run from 627 to about 850 and the placer 
gold from 800 to 950. 

In Sierra County gold from quartz mines varies from 622 to 883 ; gold from the hydraulic 
mines at Port Wine (a Tertiary channel) is 948 in fineness. At Gibsonville similar deposits 
show a fineness of about 900. 

In Nevada County the quartz veins produce gold ranging from 645 to 890. The Tertiary 
gravels of the Harmony channel show the lowest grade of placer gold ; it is 790 fine, but is 
derived from a small channel immediately crossing a number of rich veins so as to offer little 
chance of enrichment. In the main channel, at the Manzanita mine, at Nevada City, the 
fineness is 830. Gold from the deep channels of North Bloomfield and Relief has a fineness of 
906 to 935; at the Alpha hydrauUc mine, 940 to 950; at American Hill and French Corral, 
all in main channels, 930 to 950. 

In Placer County the quartz veins carry gold of a fineness from 580 to 921. In the main 
channels of Tertiary gravels may be noted the Morning Star mine, at Iowa Hill, where the gold 
is 900 fine; the Big Dipper, on the same channel, 884; Michigan Bluff, 940 to 970; the Red Point 
drift mine, 927 ; and the Hidden Treasure mine, on the White channel, 924 to 941. 

In Eldorado County the quartz gold varies from 570 to 901 in fineness. \t the Excelsior 
claim, at Placerville, on one of the principal channels, the gold on the bedrock had a fineness of 
925, wliile that in an upper stratum at the same place, on *'false bedrock," reached 975. The 
gold in the Snow mine, above Placerville, a gravel deposit in the main Tertiary' river, runs 
948 fine. A drift mine at Grizzly Flat, on a small Tertiary- stream near the headwaters and 
near some quartz veins, runs 871 fine. 

In Calaveras County the quartz veins yielded gold ranging in fineness from 627 to 885 ; one 
exceptional quartz mine near Angels Camp shows a fineness of 960 to 975. The gold in the 

1 California placer gold: Eng. and Min. Jour., vol. S9, 1905, pp. 101-102. 

« McConnell, R. G., Report on gold values in the Klondike high-level gravels. Geol. Suney Canada (pub. No. 979), 1907, p. 14. 
» California mines and minerals, San Francl«?o, 1899, pp. 175-187. See also Bowie, A. J., jr.. Hydraulic mining In California, 1885, p. 289; Hittell 
JS Fourth Ann. Rept. State Mineralogist California, pp. 219-223. 
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gravels of the main Tertiary river draining this county yielded at Vallecito gold from 940 to 987 
fine. In the Green Mountain hydraulic mine, at Mokelumne Hill, the fineness was 919. 

The figures quoted show very clearly t)iat in the main Tertiary streams a considerable refin- 
ing of the gold has been going on, so that the average grade is now decidedly above 900. It is 
difficult to compare accurately the tenor of the gold in the present streams with that in the Ter- 
tiary channels, for it must be remembered that the former contain a mixture of detrital gold 
derived from Tertiar}' channels with much new gold set free during the erosion of the present 
canyon system. 

DEPOSITION OF PLACER GOLD FROM SOLUTIONS. 

In spite of the fact that the geologic conditions indicate so clearly a dir?ct derivation of the 
gold from quartz veins, there have always been a number of adherents of the view that placer 
gold is formed by chemical deposition in the gravels. This view was held extensively among the 
Australian geologists of earlier years and was also earnestly advocated by Prof. Egleston, of 
Columbia University, New York. In recent years A. Liversidge ^ has made an extensive exami- 
nation of nuggets from various sources in order to ascertain whether they bear any evidence of 
segregation in water. He concludes that they are derived entirely and directly from veins 
and that '^any small addition they may have derived from meteoric water'' is quite immaterial 
and may be neglected. Only in two nuggets from New Guinea were concentric lines of accretion 
observed. All other nuggets examined on etcliing developed signs of cr}'stalline structure such 
as is entirely natural to find in vein gold. Maclaren ^ regards tliis structure as an argument in 
favor of growth in place, but it is difficult to understand his reason for this opinion. 

The long exposure during gradual accumulation and the long rest of the gravels in channels 
exposed to ])ercolation of atmospheric waters since Tertiar}' time has evidently produced a great 
enrichment in the fineness of the gold. The average grade in the main Tertiary channels is 
clearly much over 900. The highest grades of the fme-sized gold in Quaternary deposits where 
the canyons open into the valley are from 922 to 978. In this connection it is interesting to recall 
the statement by C F. Hoffmann that the gold in the Red Point channel was of the highest 
grade wherever the gravels appeared to be particularly exposed to the percolation of water. 

It is a well-known fact that solutions containing ferric chloride have the power to dissolve 
metallic gold to some extent and it is believed that in most places where solution and precipita- 
tion can be proved such solutions have been active. It was thought for a long time that ferric 
sulphate had the same property, but the investigations of Stokes '. indicate that tliis is the case 
only where ferric chloride is also present. Pearce, Rickard, and lately W. H. Emmons * have 
shown that nascent chlorine is the really important agent in the solution of gold, while ferrous 
sulphate probably is the main precipitating agent. The action of manganese dioxide on acid 
solutions of sodium chloride would produce the necessary nascent chlorine. Undoubtedly some 
such action has taken place in the gravels of the Sierra, but there is little evidence that it is quan- 
titatively important. The circulating waters are of great purity and probably contain extremely 
little sodium chloride and free acid. The gravels contain little recognizable manganese. 

The evidence of secondary precipitation of gold in the California gravels is exceedingly 
meager and appears to be confined to two modes of occurrence. As noted above, pyrite and 
marcasite deposited in the gravels are in some places auriferous, though they have not been 
found to contain large amounts of the precious metals and there is usually difficulty in proving 
that no detrital gold was included. The second mode of occurrence consists in the deposition of 
gold on particles of magnetite or ihnenite associated with the gt)ld. Microscopic preparations 
clearly showing that such a deposition had taken place were shown to the writer by Mr. J. A. 
Edman, of Meadow Valley, who has made a special study of the black sands of California. 
The particles referred to came from the Tertiary gravels of Providence Hill, in Plumas County, 
and the black grains are partly covered with a thin crust of gold. Mr. Edman admits that 

i Jour. Roy. Soc. New South Wales, vol. 40, 1906, p. 161. 

s Maclaren, J. M., Gold, London, 1908, p. 83. • 

I Stokes, H. N., Experiments on the solution, transportation, and deposition of copper, silver, and gold: Econ. Geology, vol. 1. 1906, p. 6fi0. 

< BuU. Am. Inst. Min. Eng., No. 46, October, 1910. 
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such occurrences are very rare. Several instances of the occurrence of precipitated gold in 
the roots of grasses near the surface and also in compact clays have been noted in the literature. 
Maclaren * cites an occurrence of this kind in the crystallized gold of Kanowna, Western 
Australia, where tiny yet bright and sharply defined octahedral crystals occur in the so-called 
''pug" or ancient clay gravel. McConnell ' cites from the Klondike a quartz pebble carrying 
numerous thin specks and scales of crystallized gold dendritically arranged. Maclaren in the 
place referred to lays much emphasis on the occurrence of crystallized gold from alluvial mines. 
Such occurrences' are certainly extremely rare in California. A number of specimens of this 
kind were found at Byrds Valley, near Michigan Bluff, in Placer County, but they were very 
near their source in local pocket veins and were partly rounded. The writer believes it very 
, improbable that large crystals of gold have ever been formed under the conditions prevailing 
in the Tertiary gravels of California. 

In all placer mines it is exceedingly common to find that the gold works downward into 
the softened bedrock immediately underlying the gravel and places are known where it has 
descended to a depth of 2 or 3 feet. On limestone bedrock extremely deep and irregular 
cavities of dissolution are often formed, and in these placer gold may be carried down to depths 
of 30 or 40 feet or even more; this was frequently observed in the rich placers of Columbia, 
Tuolumne County (PI. XI, J., p. 72). In a recent textbook on mining geology this gold which 
is mechanically admixed with the bedrock is asserted to be due to chemical precipitation. The 
phenomenon and its true explanation are perfectly well known to every practical placer miner. 
At all drift mines the bedrock is removed to a depth of at least a foot below the gravel and 
washed with that in subsequent operations. 

So far as the Tertiary gravels of California are concerned, the conclusion of the writer is 
that solution and precipitation of gold have played an absolutely insignificant part. 

TENOR OP THE GRAVELS. 

The productiveness of a channel is best measured by its yield per linear foot. A distinction 
must of course be made as to whether the hydraulic method is employed and thus the whole 
amount of gravel is washed or whether only the rich bottom layer is mined by drifting. In 
general it may be said that the channels yield from $70 to $500 to the linear foot; in drifting 
operations rarely more than half of the total amount of gold contained in the gravel is obtained, 
for besides the inaccessible gold in the upper gravels there are usually considerable bodies of 
gravel on the bedrock of too poor a grade to pay for extraction. 

Pettee ' mentions the instance of American Hill, near Saij Juan, in Nevada County, which 
was mined by the hydraulic method many years ago. The mass was 3,000 feet long, 1,000 
feet wide, and approximately 150 feet high; it yielded $1,241,000, equivalent to $414 a running 
foot. Among channels mined by drifting the gravels at Red Point described by Hoffmann 
averaged 200 feet in width and yielded for a distance of somewhat over a mile at the rate of 
$71.65 a foot. 

The Mayflower channel, also in Placer County, in which the average width of breasted 
gravel was 75 feet, yielded for 3,900 feet at the rate of $150 a foot, according to Ross E. Browne.* 
The Paragon channel, which is the upper continuation of the Maj^flower, yielded $125 a running 
foot. In the same mine an upper channel 225 feet wide on tuff bedrock produced $300 a foot. 
At the Hidden Treasure mine the width of pay gravel averaged for a Jong time 250 feet and the 
average yield was $150 a running foot. The Ruby Gravel mine, in Sierra County, in which the 
channel was from 50 to 300 feet in width, was worked for a distance of 3,850 feet and yielded 
at the rate of $465 a linear foot. The cost is stated to have averaged S240 a foot. A number 
of data regarding the yield of gravels in drift and hydraulic mines are found in the reports of 
the State mineralogist of California.* 

> Maclaren, J. M., Gold, London, 1908, p. 83. 

"McConnell, R. G., Ann. Rept. Geol. Survey Canada, vol. 14, 1901, p. (Mb. 
» Report by J. D. Hague In Whitney. J. D., Auriferous gravels, 1879, p. 206. 
« Tenth Ann. Rept. State Mineralogist, 1890. pp. 435-46G. 

* See especially Hammond, J. H., The auriferous gravels of California: Ninth Ann. Rept. State Mineralogist, 1890, pp. 105-138; Browne, R. E., 
The ancient river beds of the Forest Hill divide: Tenth Ann. Rept. State Mineralogist, 1890, pp. 43.5-4C6. 
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For comparison it may be mentioned that according to A. H. Brooks the average value 
of the principal creeks at Nome, Alaska, is approximately $100 a foot. The White channel in 
the Klondike yielded $380 a foot. In the Berry drift mines in Victoria, Australia, the yield 
per foot ranged from $440 to $1,293, the width of gravel mined being from 330 to 1,000 feet. 

The amount of gold contained in the gravels is usually measured by the cubic yard of 
gravel, more rarely by the ton or the ''carload." The latter is, of course, an indefinite quantity, 
but usually about equivalent to or a little less than 1 ton. One ton of broken gravel is assumed 
to contain about 18 cubic feet. 

The gold content of the gravel varies, of course, enormously. In general it may be said 
that the upper gravels, sands, and clays are very poor; and although more gold is contained in 
the lower gravels it is only within a few feet of the bedrock that the rich material begins to 
appear. By far the greatest part of the gold is ordinarily contained in the gravel within 3 feet 
of the bedrock, and in many places within the last foot above the bedrock. In drifting operations 
only a few feet of gravel above bedrock are extracted; in many hydraulic operations the whole 
mass is washed, including parts of the almost barren overburden of fine gravels, sand, clay, or 
rhyolitic tuff. Wherever possible the overlying andesitic breccia is excluded from the bank 
wash, for besides being barren the tenacious masses of this material are difficult to handle. 

Though it is difficult to give exact figures, it may be said that within the productive region 
the hydraulic washing of deep banks varying perhaps from 50 to 300 feet in height yielded, 
including the top and bottom gravels, between 10 and 40 cents a cubic yard. The top gravels 
alone will vary between 2 and 10 cents a cubic yard and the drifting ground on the bedrock 
from 50 cents to $15 or more. 

In the following paragraphs a few data regarding the grade of the gravels are assembled 
from the detailed descriptions in Part II of this report. 

At Morris Ravine, near Oroville, the best drifted ground yielded from $4 to $9 a cubic 
yard; this is a minor channel. A main branch of the Tertiary Yuba River at Poverty Hill, 
Sierra County, yields $2 a cubic yard within 5 or 6 feet from bedrock; the lower 2 feet contains 
most of the gold, but much is also derived from the upper part of the section. At La Porte, 
Plumas County, the deep gravels yielded from $2 to $20 a cubic yard. According to W. H. 
Pettee, one bank of gravel, covering an area of 250 by 100 feet and 30 feet high, yielded at the 
rate of $21 a ton. Most of the gold is said to be within 2 feet of the bedrock. At North Bloom- 
field, Nevada County, the gravels average between 200 and 300 feet in depth. The upper 120 
feet of fine gravel contains small values but a considerable number of pieces of scaly gold of 
little value or weight. The lower 87 feet contains most of the gold, and the last 8 feet above 
the bedrock yields liigh values, averaging about $1.50 a ton. A large amount of the upper 
gravel at North Bloomfield, washed from 1870 to 1874, yielded, according to A. J. Bowie, jr.,* 
2.9 cents a cubic yard. This work afforded practically no profits. In 1877 the bottom gravel, 
65 feet deep, was found to yield 32.9 cents a cubic yard, but the top gravel, which was up to 
200 feet deep, yielded only 3.8 cents. The Derbec drift mine, near North Bloomfield, work- 
ing on a branch of the same channel, mined gravel from which $2.47 a ton was recovered. 

The thick gravels between Dutch Flat and Indiana Hill are stated to yield 1 1 cents a cubic 
yard; the cemented gravel on the bedrock at Indiana Hill contained up to $9 a yard. 

Rich hydraulic ground was found in the gravel areas extending from North San Juan, in 
Nevada County, to Smartsville, in Yuba County; large masses of them, with banks up to 150 
feet in height, are said to have yielded from 30 to 37 cents a cubic yard. Between Cherokee and 
North Columbia, below North Bloomfield, in Nevada County, the gravels are up to 600 feet in 
thickness and very extensive; these top gravels are said to contain from 10 to 15 cents a cubic 
yard. At Omega, Nevada County, where the hydraulic banks reach 150 feet in height, the 
yield is said to be 13J cents. At Blue Tent, Nevada County, the upper gravels and sands are 
practically barren, but the lower gravels are said to contain 15 cents a cubic yard. At this 
place the channel is 1,000 feet wide, and 5 feet of gravel next to the bedrock is stated to con- 
tain 50 cents a ton. 

t Hydraulic mining in California, 1885, p, 74. 
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The Forest HiU divide, in Placer County, is particularly rich in drift mines. South of 
Iowa Hill the Morning Star and Big Dipper drift mines worked the main channel for a length 
of 10,000 feet. From 6 to 7 feet of gravel was extracted, and the contents ranged from $10 to 
$14 a cubic yard; gravel containing less than $2 was not considered payable. At the Darda- 
nelles mine, at Forest Hill, the channel was 75 feet wide, and gravel to the depth of 5 feet was 
extracted; in one part of the mine gravel was extracted in floors to the height of 38 feet.* A 
number of smaller channels at Forest Hill were extremely rich. Pettee mentions a piece of 
ground on the New Jersey claim, 800 by 300 feet, from which $1,500,000 is beUeved to have 
been taken by drifting. 

The Mayflower channel was mined for a distance of 3 miles and had an average width of 
75 feet. A thickness of 2 to 14 feet of gravel was extracted and is said to have yielded $7 a 
ton; 66 per cent of the bottom gravel was found to pay for mining. At the Paragon mine, 
where the same channel was mined, an upper lead, 150 feet above bedrock, was discovered. 
The false bedrock consisted of rhyolite tuff; the channel was 225 feet wide and the lower 5 feet 
of gravel is said to have yielded $4.50 a ton. 

The Hidden Treasure, northeast of Forest Hill, has worked for more than 8,000 feet a 
channel containing loose quartz gravel and ranging in width from 250 to 800 feet; from 4 to 7 
feet of gravel is extracted, together with 1 foot of decomposed bedrock, and the yield is stated 
to range up to $1.75 a ton; at this mine the costs are unusually low. 

Rich gravels were also mined near Placerville. At the Excelsior claim a considerable mass 
of gravel 100 feet in thickness is stated on reUable authority to have averaged $1 a cubic yard, 
worked by the hydrauUc method. At this place two upper pay streaks occurred, one 25 feet 
and the other 60 feet above the bedrock. The deep gravel of the so-called Blue lead at Placer- 
ville, averaging about 100 feet in width, yielded cemented gravel containing from $2 to $3.50 
a cubic yard. From Smiths Flat to White Rock many rich benches produced gravel contain- 
ing as much as $19 a carload, wliich is somewhat less than a ton. 

In Calaveras County the gravels are ordinarily of somewhat lower grade, although, of 
course, many rich localities were found. The gravel in the Deep Blue lead of Mokelunme Hill, 
at the North Star mine, is said to average $1.95 a ton in drifting operations. At the Banner 
drift mine, on the Fort Mountain channel, the bottom gravel is said to contain $3 a ton, and 
the costs of mining and milling are given as $1 to $1.25 a ton. 

THE BEDROCK. 

The bedrock of the Tertiary channels may, of course, consist of any of the great variety 
of rocks of Jurassic or earlier age which make up the Sierra Nevada. The channels occupy 
flat trough-shaped depressions in these rocks; the form of one of the larger channels is well 
illustrated by Plate V, S (p. 30), showing the Dardanelles mine in Placer County, the bottom 
of the channel being laid wholly bare by hydraulic work. On either side of the channel the 
rising rims may flatten into smaller benches. The bottom is, like any river channel of to-day, 
of irregular form, ridges alternating with depressions or potholes. The general trough shape 
is likely to be broken by a deeper gutter of varying width, but this feature is not always present. 
The ups and downs of such an old river bottom are well illustrated in figure 12 (p. 151), showing 
the bedrock of the Mayflower channel of the Forest Hill divide. 

The surface of the bedrock is usually hard, contrasting strongly in this respect with the 
soft and clayey slate bedrock found in the drift mines of Victoria, Australia. In some places, 
however, as in the slates of the Hidden Treasure mine, the bedrock has been greatly softened 
and bleached so that there is no difficulty in removing it with the pick. In the few places 
where the gravels rest on granitic bedrock the bedrock is greatly softened and usually possesses 
the disagreeable quaUty of swelling. This was particularly well illustrated in the mines on the 
Harmony channel, near Nevada City, where the swelling took place so rapidly that drifts not 
attended to would be closed within a few montlis. 

1 Browne. R. E., Tenth Ann. Rept. State Mineralogist of California, 1892, p. 447. 
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In limestone areas the bedrock is extremely irregular (PI. XI, A) and solution has pro- 
duced holes wliich in places may be 50 or 75 feet in depth. Accumulation of rich gravels 
often takes place in these cavities. 

A soft bedrock is considered advantageous because of its property of catching the gold 
driven across its surface in the moving gravels. Sometimes the gold will work down into the 
soft mass for a depth of 1 to 2 feet. On the other hand, a hard and smooth bedrock is less 
efficacious as a gold catcher, and serpentine is said to be especially unfavorable in tliis respect. 
The steeply dipping ridges made by alternate strata of slate serve to catch the gold, but at 
many places it is held to be more advantageous if the strike of the slates runs parallel to the 
channel than if they cross it. 

In many parts of the United States gold-bearing gravels rest on clays or tuffs above the 
true bedrock, and this means, as a rule, several epochs of gold concentration. In the Tertiary 
rivers of California such secondary pay streaks and false bedrock are of comparatively rare 
occurrence. Gold is not retained on the surface of sand and gravel, and during the deposition 
of the gold-bearing gravels proper such thick clay beds were not ordinarily formed on account 
of the generally steep grade of the watercourses in a region of accentuated topography. Later, 
during the epoch of the rhyolitic eruption, such tuffs and clays were frequently deposited, but 
at that time there was little opportunity for the accumulation and concentration of gold in 
the wide flood plains. Some notable occurrences of false bedrock are mentioned in the detailed 
descriptions. An excellent example is that of the upper channel 150 feet above bedrock between 
Mayflower and Bath, on the Forest Hill divide. This channel was 225 feet wide and 5 feet 
deep and yielded $4.50 a ton. The lower channel, only 75 feet wide, was richer, averaging in 
the drifting ground $7 a ton. Another excellent example is found in the three pay streaks of 
the Excelsior mine near Placerville, which has been mentioned above. 

MINERALS ACCOMPANYING GOLD IN THE TERTIARY GRAVELS. 

Comparatively few useful minerals are found with the gold in the Tertiary gravels, but 
naturally the concentration which sorted out the gold from the bedrock also accumulated in 
the sands and gravels such heavy minerals as may be contained in the rocks. In the sluice 
boxes which are used for the washing of gravels these heavy minerals accumulate, and from 
the prevalence among them of magnetite and ilmenite they are usually referred to as "black 
sands." 

The minerals occurring in the gravek may be divided into those of detrital origin and those 
which have been formed by chemical action within the gravels themselves. 

DBTBITAL MINEBALS. 

As stated above, magnetite and ilmenite are the most common of the minerals which 
accompany the gold, and their derivation is easily found in the basic rocks, like diabase, gabbro, 
and allied greenstones, which occupy so much space in the gold-bearing region. The grano- 
diorites also furnish a considerable amount of magnetite. Most of the ilmenite is doubtless 
derived from the basic rocks mentioned. The Tertiary volcanic rocks are also rich in these 
constituents and channels traversing them, are likely to contain an exceptional amount of 
black sand. A number of detailed determinations of the quantity of these minerals present 
were made in the examination of the black sands by D. T. Day at Portland in 1905,* and the 
mineralogical classification was carried out by Charles H. Warren, of the Massachusetts Insti- 
tute of Technology. From the results it appears that magnetite largely prevails, but that 
chromite is also present in considerable quantity, as was indeed to be expected from the occui^ 
rence of large areas of serpentine in the gold belt. The black sand of Oroville contains, for 
instance, 1,400 pounds of magnetite, 250 pounds of chromite, and 150 pounds of ilmenite to 
the ton; this is the average black sand from dredging operations. At Cherokee, Butte County, 

t Day, D. T., and Rlcbards, R. H., Useful minenils ia black sands of the Pacific slope: Mineral Resources U. S. for 1905, U. S. Geol. Survey, 
1W6, pp. 1175-1258. 
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pannings from old dumps yielded 16 pounds of magnetite and 356 pounds of chromite to the 
ton. In Calaveras County, black sand from a point near Murphy yielded 1,416 pounds of 
magnetite and 200 of ilmenite to the ton. Samples from Placerville, in Eldorado County, 
yielded 32 pounds of magnetite and 1,500 of ilmenite. Sands from North Bloomfield, Nevada 
County, yielded 8 pounds of magnetite, 200 of chromite, and 200 of ilmenite. From Nevada 
City, where the bedrock is granodiorite, no magnetite and chromite are recorded, but one sample 
showed 1,024 pounds of ilmenite to the ton. Gravels from Spanish Ranch, Plumas County, 
yielded black sand containing 1,760 pounds of magnetite and 218 pounds of ilmenite to the ton. 
Concentrates from dredges near Marysville contained 1,256 pounds of magnetite and 267 pounds 
of ilmenite to the ton. 

The claim is often made that the black sands contain gold, but as a rule it is safe to assert 
that this is simply admixed detrital gold. 

Platinum is of widespread occurrence in the Sierra Nevada and is always associated with 
the gold. Its origin is, however, entirely different, for its distribution shows clearly that it is 
derived from serpentine, peridotite, or gabbro, of which it is a constituent of prinwiry origin, 
like the magnetite in igneous rocks. The platinum is always accompanied by small quantities 
of iridosmine and probably also iridium. Bright scales of iridosmine are locally present in 
considerable quantities. Though of widespread occurrence platinum is not recovered on a 
commercial scale except at Oroville and Folsom, where it is obtained by panning from the black 
sand after the gold has been extracted by amalgamation. A few hundred ounces represented 
the total yield of California in 1908, and of this amount the larger part came from the dredges 
at Oroville. The examination by Day, referred to above, has, however, shown that the metal 
is widely distributed in the Tertiary gravels. Its presence was proved in sands from the follow- 
ing places, besides the localities mentioned: In Butte County, Oroville, Butte Creek (Nimshew), 
Cherokee, Brush Creek, and Buchanan Hill; in Calaveras County, at Douglas Flat; in Nevada 
County, Rough and Ready and Relief Hill; in Placer County, Butcher Ranch, North Fork of 
American River, East Auburn, and Blue Canyon; in Plumas County, Genesee, La Porte, Nelson 
Point, and Rock Island Hill; in Sacramento County, Folsom; in Yuba County, Brownsville 
and Indian Hill. It is safe to say that platinum is universally present in the gravels of the 
Sierra Nevada, wherever these have been derived from the erosion of serpentine areas. 

Small flakes of metallic copper are observed occasionally, 

Detrital pyrite is not uncommon in the gravels. The mineral is derived from rocks of 
the "Bedrock series," such as amphibolite schist or clay slate; the latter especially is Ukely to 
contain well-developed crystals of pyrite. Pyrite may also be derived from the disintegration 
of quartz veins but is probably preserved from oxidation only where inmiediately covered by 
sand or gravel shortly after disintegration. Pyrite in large amount was noted in the White 
channel of the Hidden Treasure mine, in Placer County; at tliis place it is in part doubtless 
derived from the bedrock, of which about 1 foot is extracted with the overlying gravel; but 
there are also present here waterwom grains of pyrite which indicate the mechanical action of 
the streams. In the Harmony channel at Nevada City the gravel contains some pyrite derived 
from quartz veins crossed by the ancient watercourse. 

Monazite, a phosphate of the rare metals, which so constantly accompanies the gold in 
some districts — as in the South Mountains of North Carolina and Idaho — is rather conspicuously 
absent in the gravels of the Sierra Nevada. Small amounts were identified by Warren from 
Rough and Ready, Nevada County. Rutile is found occasionally. Cassiterite, or oxide of 
tin, has been reported by Edman from Plumas County. 

Zircon, on the other hand, is universally present and locally in considerable quantities. 
Black sand from Placerville, according to Day's report, contained 176 pounds of zircon to the 
ton, and similar material from the North Fork of American River in Placer County contained 
340 pounds to the ton. The greatest relative quantity was found in black sand from a channel 
in granodiorite at Nevada City; it yielded 928 pounds to the ton. 

Garnet is another mineral of wide distribution, especially in the vicinity of granitic contacts. 
It is usually found in small rounded grains of red to purplish color. It is nowhere very abundant, 
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the largest quantity recorded in the black sand being from Rough and Ready, Nevada County; 
this material contains 446 pounds to the ton. 

Of other materials there is little of interest to record. Olivine, epidote, and pyroxene occur 
here and there in small grains ; the larger part of these minerals have been destroyed by oxida- 
tion before the accumulation of the gravels. In sand from the Hidden Treasure mine a number 
of small pale-reddish grains were found which were identified with some doubt as ruby or 
corundum. Cinnabar and amalgam have been found at the Odin drift mine, Nevada City. 
It is imnecessary to state that the gravels also contain a large amount of quartz sand. 

One of the most interesting of the minerals occurring with the gold and one which requires 
some special consideration is the diamond. Its occasional occurrence with tlie gold was known 
at an early date and was discussed in some detail by Whitney.* The occurrences have been 
summarized by Turner.' 'Hie principal localities are at Cherokee Flat, in Butte County, and 
in the gravels at Placerville, Eldorado County. It is said that at Cherokee 56 specimens have 
been found; at other localities they have been less abundant. The diamonds found have 
generally been of small size and yellowish color; the lai^est size reported is about 1^ karats. 
Tiuner points out that at all except one of the localities where diamonds have been found in 
California areas of serpentine occur in the vicinity and he infers that the diamond, like platinum, 
once formed an original constituent of the peridotites, which were later altered into serpentine. 
This view is probably correct. On account of the occurrence of numerous diamonds in Butte 
County some mining operations have recently been undertaken near OroviUe to search for the 
rock from which the diamonds were derived. It b probable, however, that* the occurrence is 
too scattered to make mining operations like those in South Africa profitable. The following 
list of diamond localities in the Sierra Nevada is taken from Turner's paper: 

Eldorado County: Placerville, south side of Webber Hill, White Rock Canyon, Dirty Flat, Smith's Flat. 

Amador County: Jackaas Gulch, near Volcano; Rancheria, near Volcano; Loafer Hill, near Oleta. 

Nevada County: French Corral. 

Butte County: Cherokee Flat, Yankee Hill. 

Plumas County: Gopher Hill, upper Spanish Creek. 

Turner states that a number of diamonds have in recent years been found at Placerville 
and that his informant, G. W. Eamble^ is of the opinion that many diamonds have been crushed 
in the gravel mills. Undoubtedly the recovered specimens represent but a small fraction of the 
gems originally present in the gravels. 

ATTTHiaBNETIO HINBKALS. 

Since their deposition the gravels have for long ages been exposed to percolating surface 
waters, and at many places the andesitic flows must have furnished a considerable amount of 
heat, so that it would be safe to infer that for a while at least after being covered by the flows 
these percolating waters were moderately warm. At the present time the waters are entirely 
cold. The basins of the Tertiary rivers form in fact reservoirs that gather the descending surface 
water, which has percolated through the overlying gravels, sands, clays, and volcanic tuffs and 
breccias. This abundant stored water finds its way to the rivers from a number of springs 
which in places very clearly mark the line between bedrock and gravel. This percolating action 
has continued since the deposition of the gravels in Tertiary time and it might be supposed that 
a great number of minerals would have been formed by it. As a matter of fact, however, the 
minerals formed in the gravel — the authigenetic minerals — are remarkably few. Carbonates, 
like calcite and dolomite, are not plentiful. Silica is the substance which has been most gener- 
ally deposited and the commonly observed cementing of the deeper gravels is probably to be 
ascribed to a deposition of this substance, most likely in the form of opal or chalcedony. Newly 
formed quartz has not been observed cementing the pebbles, though small crystals of this mineral 
have been noted in silicified wood, which in places occurs in large amounts in the gravels. 
Similar minute crystals, according to C. F. Hoffmann, cover pebbles here and there in the 

1 ^\1litney, J. D., The auriferoiu gravels of the Sierra Nevada: Mem. Miu. Comp. Zool. Harvard Coll., vol. 6, 1879, pp. 383-364. 
* Turner, H. W., The occurrence and ori^ of diamondB in CaUfomla: Am. Geologist, vol. 23, 1899, pp. 182-191. 
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This condition of affairs brought on numerous suits and much controversy. Finally, in the test 
suit of Woodruff v. The North Bloomfield Mining Co., the miners were beaten, and the United 
States Circuit Court gave a decision which resulted in closing not only the mine named but 
all the principal hydraulic mines in the central part of the State located on rivers which drained 
into the Sacramento and the San Joaquin. The mining company was perpetually enjoined 
and restrained from discharging and dumping into Yuba River or any of its branches any 
tailings, sand, clay, or gravel, and also from allowing others to use the water supply of their 
mines for washing such material into the rivers or streams. As a result of this decision the 
large mines were closed, and many costly works were allowed to go into decay. Mining camps 
were deserted, and large districts were depopulated. Many of the small miners, however, 
persisted in continuing to work their mines, and the Anti-D6bris Association, composed of 
farmers of the Sacramento Valley, carried on an organized opposition to hydraulic mining. 
Long and costly litigation and bitter controversy between the farmers of the valley and the 
miners of the mountains continued for years. The companies which sold water to the miners 
were enjoined from such sales. The feeling between the parties was intense, and at times the 
agents of the Anti-D6bris Association — the spies, as the miners termed them — ventured into 
some districts at the peril of their lives. 

In 1878 the Legislature of California began to take an interest in the matter, and the State 
engineer was directed to investigate the extent of the debris and its effect upon the rivers and 
adjacent lands. At an early date the Federal Government ajso authorized investigations of 
. this complicated question, because of its bearing on river navigation and on the condition of 
harbors. A provision in the river and harbor act of June 14, 1880, directed such examination 
and surveys to be made as might be found necessary to devise a system of works to prevent 
further injury to the navigable waters of California from the d6bris of hydraulic . mines. This 
investigation was undertaken by Col. J. H. Mendell, of the Corps of Engineers, aided by Lieut. 
Payson and Marsden Manson, and the report was issued in 1902.^ A second investigation was 
authorized by the act of Congress approved October 1, 1888, entitled "An act for the investiga- 
tion of the mining debris question in the State of California. '' The Secretary of War was author- 
ized to detail three officers from the Engineer Corps as a commission for the purpose of examin- 
ing the question and ascertaining whether some plan could be (devised by which the conflict 
might be adjusted without further damage to the navigable river channels. In 1891 the com- 
mission transmitted its report,^ a valuable document containing full information as to the 
extent of d6bris and the amount of gravel removed and remaining. 

In 1891 the miners held a convention in San Francisco to memorialize Congress as to needed 
legislation, and representatives from both mining and farniing counties were invited. The 
report of th^ engineers made it clear that in many of the canyons dams cpuld be erected which 
would not only restrain the old material lodged in the river bed but also hold a certain amount 
of additional tailings. The convention of miners asked Congress to accept and adopt the report 
of the engineer commission and to take steps at once to put into operation the means suggested, 
in order that mining might be resumed in the manner indicated without the injury complained 
of in the past. It was recognized by the convention that until Congress took proper action for 
the erection of suitable restraining works hydraulic mining was absolutely prohibited by the 
courts. 

The court decision did not prohibit hydraulic mining as such; the decree is against the 
dumping of d6bris into the streams, and it would therefore include all classes of mines in case 
action should be considered necessary. There has never been any objection made, however, 
against quartz mines and drift mines, as the tailings from these are comparatively small in 
voliune. During the last few years some difficulties have arisen between the miners and farmers 
on account of the operation of dredges on a large scale in the lower reaches of the rivers, but 
these differences are now said to have been satisfactorily adjusted. 



> Mendell, J. H., Report uixin a project to protect the navigable waters of California from the effects of hydraulic mining: House Ex. Doc. No. 
98, 47th Cong., Ist sess., 1882. 

s Report of board of engineers on the mining d6bris question in the State of California: House Ex. Doc. No. 267, 51st Cong., 2d seas., 1891. 
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In March, 1893, Congress passed the so-called Caminetti act, which permits auriferous 
gravel mines to be operated by the hydraulic process under certain restrictions and conditions. 
The essential features of the law are that all mines operated under this system shall impound 
or restrain their debris or tailings and prevent them from entering the navigable streams or 
injuring the lands of persons other than the mine owners. Under the act the California D6bris 
Conmiission, consisting of three oflGicers of the Corps of Engineers, United States Army, was 
appointed by the President. This commission is empowered to issue licenses for mining by the 
hydraulic process under this act when it is satisfied that the debris dams or impounding works are 
sufficient to restrain the debris. The hydraulic miner must make application to the commission 
for license to mine and submit his plans of the proposed restraining works, which are subject to 
the approval of the commission. Each application is advertised for a specified time, and the 
commission holds a hearing at which those who may be opposed to the issuance of a license may 
state their reasons. When the plans are approved and the necessary works constructed, members 
of the commission make a personal examination of the work^ and if they are satisfied that the 
debris can be restrained, a license is issued, and the mine may begin operations. If they see any 
reason to believe, however, that damage may be done to the rivers or to individuals by the oper- 
ation of the mine, no license is granted, and the mine may not be legally worked. Moreover, 
even after the license is granted, if the dfibris, or water carrying too much of it, is for any reason 
permitted to enter the stream, the license may be recalled. Frequent examinations are made 
to see that the miners are complying with the law. 

Since the passage of this law a number of the hydraulic mines have built the works and 
received license to mine. The product, however, does not by any means come up to its former 
dimensions, for the debris must now be run into settling basins behind the dams and allowed to 
settle, so that a much smaUer quantity of gravel can be handled than when the tailings did not 
have to be cared for. It should be borne in mind that the miners themselves must bear the 
expense of the restraining works, and for this reason hundreds of the smaller mines have 
never been started up again, because their owners, having become impoverished by enforced 
cessation of operations for a series of years, have not the money to construct the necessary 
impounding works. 

The debris commission has supervised hydraulic mining since 1893, and its annual reports, 
to be found in the annual reports of the Chief of Engineers, contain statements of the number of 
permits granted. In 1909, for instance, 33 applications for permits to mine were received and 16 
were granted. A number of permits are annually revoked owing to the cessation of operations 
or to failure to maintain the impounding works. 

Even after license to mine has been granted by the d6bris commission some of these mines 
have been closed by injunction of the State courts. This matter has not yet been brought 
before the United States Supreme Court for final adjudication and it is, therefore, still aquestion 
whether or not a license from the debris commission is final. The commission itself has brought 
many suits before the United States circuit court enjoining those who have been operating 
hydraulic mines without a license from it. With these many obstructions to hydrauUc mining 
in the drainage basins of Sacramento and San Joaquin rivers it is not surprising that this branch 
of the gold-mining industry of California does not materially increase its output. The restric- 
tions do not apply to hydraulic mines in the drainage basin of Klamath River, in Trinity and 
Siskiyou counties, for this is a nonnavigable stream and empties directly into the Pacific Ocean. 
There is little reason to hope for relief for the mining industry in the counties of the Sierra 
Nevada. It is undoubtedly true that the damage was caused mainly by a comparatively small 
number of large mines, and that many small operators could be allowed to work without material 
injury to the rivers. In a report on the production of metals in California for 1908, C. G. Yale 
states that there is much complaint from the hydraulic miners in districts to which the Caminetti 
law applies concerning the somewhat severe restrictions placed upon them by the California 
Debris Commission. In many places where formerly brush or log restraining dams were con- 
sidered sufficient, concrete or stone dams are now required. Naturally little or no capital is 
being invested in hydraulic mining. 
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The projects of the engineers also included a provision for holding and storing the enormous 
quantities of minin g d6bris now resting in Yuba River, by means of works between Smartsville 
and Marysville, designed to separate the coarse material from the fine, holding and storing both 
kinds as they are brought down the river, and also to confine the low-water channel in the 
lower reaches within narrower limits in order to hold in place the extensive deposits already 
there. These results are sought to be accomplished by means of restraining barriers in the 
bed of the river and by a settling basin adjoining the river on the south. The first of these 
barriers was well under way and had been completed to a height of 14 feet when it was destroyed 
by the flood of March, 1907. Barrier No. 4, at Daguerre Point, is completed and by means of 
longitudinal cobble dams erected by the dredging company operating in the vicinity the river 
is now confined to a relatively narrow channel on the north side. 

DRIFT MINIKG. 

In drift mining it also becomes necessary to open the deposit by bedrock tunnels piercing 
the rim; for it is only exceptionally possible to enter the channel at the point where it emerges 
from underneath the lava cover and follow it upstream. Where the inlet of the channel is 
accessible a deep bedrock tunnel is likewise needed because otherwise the grade could not be 
maintained. A few of the channels, as at the Derbec mine in Nevada County and the Thistle 
shaft in Sierra County, have been opened by vertical shafts, at least as a preliminary step. 
In such cases the gravels must be rich in order to pay for the heavy additional expense of 
pumping. The California miner is justly afraid of this expense. It must be remembered, 
however, that most of the drift mines in Victoria, Australia, are developed by this means and 
that there continuous pumping is a preliminary step which often lasts for two or three years. 
The water stored in the channels of Cahfornia is a limited quantity which can be at least 
approximately calculated and which in many channels does not compare with the quantity the 
Australian miners have to handle. More commonly, in channels of moderate depth, inclines are 
employed ; several of the mines on the Harmony channel near Nevada City were opened in this 
manner. In most places, fortunately, the topographic features favor working tlu^ough bedrock 
tunnels. In order to prevent the failure of the enterprise it is necessary to calculate closely the 
probable depth of the channel in the ground to be worked. A great number of failures may be 
cited where the tunnel was located too high and one or two mines are known where the tunnel 
was found to be entirely too low and necessitated expensive raises. By means of extensive 
geologic and topograpliic examinations many channels have been successfully located; the 
work of Ross E. Browne and C. F. Hoffmann on the Forest Hill divide represents excellent 
instances of such high-class examinations. The bedrock tunnel is preferably retained as a working 
adit, and raises about 200 feet apart are made from it into the gravel. From these raises drifts and 
crosscuts are run into the gravel deposit with a view of extracting the gold-bearing material as 
in a horizontal coal seam. The gravel is rarely worked to a greater height than 5 feet. Special 
difficulties are experienced where the bedrock is uneven and in such places the handling of the 
gravel becomes more expensive. From the gravel shoots the material is carried to the mouth 
of the tunnel in cars holding from 1 to 2 tons; this is usually done by hand or horsepower; in 
one mine — the Hidden Treasure, in Placer County — an electric locomotive is used. 

Outside of the tunnel the further treatment depends on whether the gravel is loose or cemented. 
If loose it is simply dumped into the floor of a washhouse and the material is washed into the 
sluices by means of a small hose and nozzle. Gravel of this kind is washed at the Hidden 
Treasure mine. At this mine, which was visited in 1901, about 400 tons a day were extracted. 
The sluices were 1,600 feet long and doubled at the upper end to facilitate frequent clean-up. 

The first sluice, about 80 feet in length, was paved with car wheels alternating with Hungarian 
riflles; farther down rock pavement was used. The sluices were 20 inclies wide in the bottom 
and at their lower end one undercurrent was installed. Frequent clean-ups were made in the 
upper 100 feet, but the lower part of the sluice was cleaned only at considerable intervals. 

At the Red Point mine a similar plan was adopted, but between the several shorter sluices 
drops were arranged in order to faciUtate the disintegration of the gravel. In the upper sluice 
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no quicksilver is used, and the clean-up takes place every day or every third day according to the 
richness of the gravel. All the other sluices are provided with quicksilver. The grade of the 
sluices is 14 to 15 inches in 12 feet. 

Where the gravel is cemented it is sometimes allowed to slack on the dimip before being 
washed, but as this is rarely practicable when working on a large scale it must usuaUy becrushed. 
The most common treatment is crushing in stamp batteries with coarse screens, the gold being 
caught with quicksilver in the battery or on plates. Several other plans have been tried, one 
of which consists in disintegrating the material m revolving barrels containing iron rails against 
which the gravel falls and is broken up. 

At the Big Dipper drift mine, in Placer County, the gravel is first dumped on a li-inch 
grizzly; everything above this size goes through the rock breaker, except the big bowlders, 
which are taken out and dumped separately to be washed later in order to recover the fine gold 
which clings to the surface. The crushed material goes to a 10-stamp mill, the weight of the 
stamps being 1,150 pounds and the drop about 7 inches. Quicksilver is supplied in the battery, 
which is fitted with a 9-mesh screen. From the battery the pulp flows over to inclined boxes 
20 inches wide and 10 feet long, with three catches containing quicksilver through which the 
pulp is forced to pass. After passing over a similar but shorter table it is discharged into a rock- 
paved sluice 150 feet long provided with an undercurrent at the lower end. Nearly all the gold 
is caught in the battery or in the first box riffle. The duty is about 10 tons to the stamp. Ordi- 
nary amalgamating tables were used in the beginning, but were later discarded for the present 
arrangement. 

The cost of drift mining varies considerably, but has not changed greatly during the last 20 
years, except at the few places where mining is done on a larger scale. Hanmiond, in the 
publication cited above, gives the cost at 90 cents to $1.25 a cubic yard for loose gravel, and 
$1.75 to $3.50 a cubic yard for cemented gravel. F. Chappellet * states that at the Mayflower 
mine, in Placer County, the mining cost $1.19 a ton and that the milling with steam power 
amounted to 25 cents a ton, giving an entire cost of $1.44. At the Big Dipper mine the cost, 
according to G. B. Hobson, is $1 .85 a ton. At the Hidden Treasure, where the gravel is not milled 
and the work is done on a larger scale, the cost per ton is as low as 92 cents. 

In contrast to many Australian drift mines, the gravel in the CaUfomia mines rarely con- 
tains much clay, owing to the prevailing harder bedrock and the greater fall of the ancient rivers. 
Consequently the Australian methods of puddling, or comminuting the clay by revolving drags 
in pans, are practically unknown in California. 

Further references to methods of drift mining may be found in the papers cited below: 

Carver, L, H., An experience in drift mining in hard cement gravel: Min. and Sci. Press, Jan. 3, 1903. 
Gasbaway, a. D., The Magalia drift mine: Min. and Sci, Press, Apr. 8 and 15, 1899. 
Radford, W. II., Hydraulic mining in very low grade gravel: Pacific Coast Miner, Jan. 24, 1903. 
Timbering in drift mines Min. and Sci, Press, July 25, 1896. (Editorial.) 

PRODUCTIOI^. 

As shown in detail in the following tables, the counties of the Sierra Nevada north of and 
including Mariposa have produced approximately $57,500,000 in placer gold during the period 
(1897-1909) for wliich accurate statistics are available. Of this not more than $15,000,000 
came from the gravels of the pre-Tertiary channels. What the total production may have 
been is impossible to estimate, for the reason that in the earlier years the yield of the placers 
was not subdivided according to source. The total output of gold in California is estimated 
at $1,200,000,000 to $1,500,000,000, but about one-fifth of it was derived from quartz veins. 
The great bulk of this output came from the Quaternary deposits, and about $300,000,000 is 
a conservative guess for the amount obtained from the Tertiary gravels. 

> Costs of drift mining: Min. and Sci. Press, Mar. 13, 1897. 
88337^— No. 73—11- 
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Production of gold recovered from 1897 to 1909 by dredging ^ h^drauliCf drifting, and surface placers in counties of Sierra 

NevadOf Cal.^ from Mariposa County north. 



Year. 



1897 
1898 
1899 
1900 
1901 
1907 
1903 
1904 
1905 
1906 
1907 
1908 
1909 



Hydraulic. 



$453,610 
369,547 
522,549 
705,140 
927,609 
609,336 
418,967 
467,689 
336,321 
396,291 
354,616 
187,564 
108,114 



5,858,353 



Drifting. 



$1,061,366 
963,363 
961,555 
978,000 
1,096,947 
895,330 
890,351 
917,504 
796,554 
589,402 
554,764 
386,910 
736,462 



10,768,508 



Dredging. Sur&oe. 



(•) 

^$206, 302 

fr200,929 

t> 471, 762 

773,522 

1,457,831 

2,171,711 

3,264,050 

5,072,359 

5,065,437 

6,502,996 

7,306,634 



32,493,533 



$1,604,267 
1,196,029 
1,020,592 
689,168 
924,600 
726,435 
532,960 
505,830 
561,151 
479,060 
240,129 
377, 189 
288,657 



Total. 



$3,209,243 
2,528,939 
2,504,696 
2,372,308 
2,888,156 
3,004,623 
3,300,100 
4 062,734 
4,958,056 
6,537,112 
6,214,946 
7,454,659 
8,440,867 



9,236,067 I 57,476,448 



a Small amounts Included under " Surface." 



f> Figures incomplete; actual production somewhat higher. 



Production of placr gold in counli"^ of Sierra Nevada, Cal.,from Mariposa County north, by counties. 



Year. Hydraulic. 



Drifting. 



Dredging. Surface. 



Plumas County. 



Total. 



Year. 



Hydraulic.; Drifting. Dredging. 



Ynba County. 



Surface. 



Total. 



1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 



$21,852 
79,797 

107,742 
95,884 

163,591 

101,090 

48,944 

19,016 

9,613 

12,280 

103,342 

26.060 

2,000 



$16,622 

22,257 

16,110 

9,761 

24,224 

6,787 

29,532 

10,975 

12.406 

6,355 

5,005 

7.637 

9,718 



Sierra County. 



1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 

vrv. 



$61,964 


$89,310 


48.610 


58,463 


87,608 


48.796 


136.860 


64,942 


166.499 


77.860 


81,501 


66,891 


51.805 


80,329 


46,651 


139.937 


41.734 


77.077 


47.904 


46.397 


42.749 


48.5.51 


41.521 


, 30.613 


47.538 


21,(i86 



$170,903 


$209,377 


126.140 


228,194 


137,739 


261.591 


50,816 


156, 461 


31,901 


219,716 


89,840 


197,717 


56.549 


137,025 


67.649 


97,640 


69,863 


91,882 


100,963 


119.598 


20,118 


128,465 


69,316 


103,013 


40,046 


51,764 




2.002,443 



$146. 141 
98.279 
60,888 
44,?29 
36,326 
56.002 
42.751 
34.840 
10,306 
24,205 
3.003 
37,497 
34,108 



1897 
1898, 
1S99 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 



$297,415 
205.352 
197.292 
246,531 
280, (->85 
204.484 
174,885 
221.428 
129,117 
118,506 
94,303 
109. (;31 
103.332 



$45,150 

4,453 

75.030 

70.834 

55.070 

46.010 

25,965 

17,651 

12,984 

3.416 

5.240 

543 

1,659 



$1,445 

4,268 

1,339 

200 

871 

3.565 

2,606 

400 

1,355 



918 
60 



$25,736 
74.263 

188,967 
1.205,165 
1.688,032 
1,969.079 
2,441,919 



$67,164 

141. 144 

103,137 

29.839 

a 32. 437 

97,539 

71,079 

43,148 

58,359 

45,637 

52,782 

28,863 

12,527 



Nevada County. 



$113,759 

149.865 

179,506 

100,873 

88,378 

147,114 

125,386 

135,462 

261,665 

1,254.218 

1,746,973 

1,998,545 

2.456,106 



8.757,848 



2,382.9()1 



1897 


$186,015 

IMS 091 

1-23,911 

156,811 

182,900 

141.093 

124,439 

106,730 

87.712 

117,724 

77.362 

45,890 

ll,3Wi 


$136,499 

76,865 

^0.015 

77.306 

109.983 

18,761 

122.570 

173.001 

'220,365 

135. 182 

45.852 

28.030 

368.476 




$149,117 
62,550 
68.700 
67.904 
43,276 
(i5.329 
39,876 
30,539 
42.559 
11,105 
8.593 
14.130 


$471 631 


1898 




285,506 


1899 




232,626 


1900 




302,021 


1901 




336,159 


1— • 




225,183 


1903 

1904 




286.885 




310, 270 


1905 




350.636 


1900 




264,011 


1907 




131,807 


10(18 




88.050 


I'jOy 




14.832 


394,614 














3.679,390 



Butte County. 



1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 



$22,205 
1,550 
7,590 
18,274 
91,355 
86,024 
33.176 
67,701 
48,039 
37,220 
18,375 
12,736 
15.265 



$122. 132 

47,633 

80.210 

35,145 

109,067 

63,464 

04,064 

121.983 

133.5()7 

102.908 

22,158 

13,878 

13,597 



$614,380 
1,329,998 
1,632,507 
2,261,887 
2,768,782 
2.697.092 
3.043,151 
2,890,273 



a $315. 865 


$460,202 


o 197. 400 


246. .583 


a 251. 834 


339. (a4 


o 243. 123 


2%. 542 


460,752 


651,174 


104.549 


868.417 


48,069 


1,475.307 


87.079 


1,909.270 


136.804 


2,580,297 


101,207 


3,010.117 


48,103 


2, 785. 728 


56,162 


3,125.927 


43,168 


2.962.303 




20,711.501 



Placer County. 



1897 

1898 
1S<K1 
10<)0 
1901 
1002 
1903 
UH)4 
1905 
IIKX) 
1907 
1908 
1(HJ9 



$61,651 


$670,039 


30. 704 


740,792 


55.000 


631.708 


157.452 


620.813 


175.011 


.552.8(r2 


82. :J82 


484, 85S 


67. 185 


331. (X)2 


119. .500 


347,019 


93.481 


200.970 


i:«. ()1.5 


201,076 


89.428 


216.240 


44.155 


180,504 


2,242 


135.716 



$482,472 

380.594 

242.014 

113.645 

89. l>91 

126.002 

170.441 

122.520 

106,837 

130.222 

38,863 

42.382 

62,812 



$1,214,162 
1,152,090 
028,722 
891.010 
816.504 
693,242 
568.628 
589,030 
401.297 
460.013 
344.531 
267.041 
200,770 



8,537,849 



o Surface placer output includes production recovered from dredging operations. 
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Production of placer gold in counties of Sierra Nevada, Col., from Mariposa County norths by counties — Continued. 



Year. 



1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
190H. 
1909. 



Hydraulic' Drifting. 



Dredging. 



SorfiBoe. 



Sacramento Couaty. 



127,536 

15,000 

3.000 

17,052 

14,000 



560 



190,000 

109,926 

123.839 

225,030 

213,867 

41,928 

45,000 

48.824 

127,075 

52.365 

115,243 



(«) 

$155,194 

102,097 

348,990 

610,671 

921,300 

649,511 

1,109.196 

1,534.136 



$65,514 
42,301 
22,906 
50,015 
91.739 
46.000 
15.000 
19.800 
36,500 
16,500 
14.387 
3.925 
20,435 



Eldorado Coanty. 



1897 $6,022 

1898 1 17,188 

1899 1 7,942 

1900 i 6,277 

1901 18.700 

1902 7.400 

1903 12.H49 

1904 18,226 

1905 2.900 

1906 300 

1907 ' 8.190 

1908 2.600 

1909 



$17,990 

7,585 

2,194 

10,480 

9.800 

4.528 

14,106 

33,481 

55,685 

18.846 

20,666 

38.148 

34,520 



944, iMO 
48,913 
44,791 
37,279 
53.446 
59.856 
48,496 
39,251 
27,788 
26,587 
14.689 
96.106 
28,849 



Amador Coonty. 



Merced Coonty. 



Total. 



$83. 
57. 

115, 

176, 

229. 

426, 

330. 

410. 

692. 

986. 

790. 
1,166. 
1.669. 



050 
301 
906 
993 
578 
224 
964 
718 
171 
624 
973 
055 
814 



7.146.371 



1907 1 

1908 '>$182.970 

1909 ft 228. 492 



$822 ; 



$68,357 
73,686 
54,927 
54,036 
81,946 
71,784 
75,451 
90.958 
86,373 
44,733 
43.545 

136,854 
63.369 



946.019 



1897 


24.970 


$3,000 




$111,734 
15.500 
24.360 
26.690 
38,536 
46.650 
12.791 
23.900 
47.099 
16.800 


$119,704 


1898 - 




15.500 


INK) 


950 
2,300 


7,994 

12.557 

5>951 




33,304 


igoo 




41,547 


1901 




44,487 


1902 


3.320 
1.300 


2,217 

1.060 

100 

420 

6.490 




52. 187 


1903 




15, 161 


1904 


2.112 




26.112 


1905 2,2Q2 




49, 781 


1906 , 5.625 




28.915 


1007 3.830 


.3.387 
3,930 

8.925 




8.610 
2.198 


15,833 


1908 1.1.400 




19.618 


1909 


18.503 




14,222 


41,650 












503.789 



$822 |, 
182,970 I 

228. 492 



1897. 
1896. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 



1897. 
1838. 
18W. 
1909. 
1901. 
1907. 

i9as. 

1909. 



1897. 

1898. 

1RQQ 
low . 

1900. 

1901. 

1902. 

1903. 

1904. 

1906. 

1906. 

1907. 

1908. 

1909. 



412.284 



897. 
898. 
899. 
900. 
901. 
902. 
903. 
904. 
905. 
906. 
907. 
908. 
909. 



Year. ! Hydraulic! Drifting. I Dredging. 



Surface 



Total. 



CalaYerai Coonty. 



$16,245 
26.154 
53.776 
42,646 
37.283 
29,051 
48.304 
65,102 
35.596 
21,207 
5.000 



8.836 



$4,329 
5.500 
43,189 
20,915 
7.400 
17,929 
26,927 
42,976 
40,988 
22,144 
63,712 
22.413 
24.982 



$3,948 



115.951 
202, .W5 
177.112 
c. TO. 802 
198,000 
211.814 



$61,086 
33,400 
28,586 

2,576 
32,839 
33.468 
20,219 
31,419 
19,913 

6.534 
28,392 
20.566 
11,417 



$81,660 

65,054 

125,661 

66,137 

77,522 

84,396 

95.450 

255.448 

299,002 

226.997 

127,906 

241,579 

257,049 

2,003,751 



StanlBlaos Coonty. 



$300 



$15,847 
13,000 



$37,392 

19,400 

10,000 

5,065 

2.700 

500 






Toolnmae Coonty. 



$450 


$108 


18.200 


1,950 


31.375 


1,300 


5,000 


4,053 


5.000 


4.400 


2.000 


8,376 


12.000 


1.180 


1,100 


1.200 




9,332 


765 


4,599 



Mariposa Coonty. 



$5,000 



$200 



235 

1.304 

336 



a Included in surface production. 

b Includes dredging production of Stanislaus County. 



c Includes small amount from a dredge in Sliasta County. 
d Included under dredging production of Merced County. 



37,392 
19,400 
10,000 
21,212 
15,700 



IJJ 



104.273 



$25,210 


$25,210 


12,453 


12,463 


11,037 


11,037 


11.. 345 


11,903 


7,114 


27,264 


200 


32,875 


4,189 


13,212 


3,685 


13,085 


3.018 


13,394 


250 


13.430 


283 


2,583 


3,003 


12,395 


500 


5.864 



194,735 



$17,324 


$17,324 


17,955 


17,966 


14,600 


14,600 


6.142 


6.142 


13.843 


19,043 


1,000 


1.000 


1.500 


1,735 


2.000 


3.304 


2,105 


2,441 


50 


50 


909 


900 


2,981 


2,981 


5.741 


5.741 



93.225 



PART II. DETAILED DESCRIPTIONS BY QUADRANGLES. 

CHAPTER 5. THE CHICO QUADRANGI^. 

The narrow eastern edge of the Cliico quadrangle, in Butte County, lies within the gold- 
bearing region (see PL XIV), the remainder of the quadrangle being covered by the Pleistocene 
of the valley and thie andesitic tuffs of northern California, equivalent to the Tuscan tuff of 
Diller. The geologic mapping of this quadrangle has not been completed, but the following 
notes are available from the examinations of the eastern border by H. W. Turner * and the 
writer. 

GENERAL GEOLOGY. 

In the adjoining Bidwell Bar quadrangle the principal features are three large areas of 
granitic rocks representing the last intrusions into an older series of Carboniferous clay slates 
(Calaveras formation), and large masses of greenstone and greenstone schists, which are altered 
products of various basic rocks, generally mapped together under the term amphibolites. These 
greenstones, which in most places form prominent ridges, extend over into the Chico quad- 
rangle, where they dip below the Neocene volcanic tuffs of western Butte and southeastern 
Tehama counties. A belt of serpentine is exposed in West Branch of Feather River at Magalia 
and continues thence northwestward toward the Lucretia mine. Clay slates containing fossil 
plants of Jurassic age are exposed below Monte de Oro, on the north side of Feather River. 
Farther west a belt of Carboniferous slates and limestones of the Calaveras formation is exposed 
to the northeast of Pentz's ranch. It is possibly the same belt of clay slates which outcrop in 
the canyon of Butte Creek above Helltown, serpentines and greenstones appearing farther up. 
Intrusive diorites occur near I^ovelock and Powellton, in the northeastern part of the quad- 
rangle, and in the extreme northeast comer, about Inskip and Chaparral, on the heads of Butte 
and Chico creeks, there is another area of Carboniferous slates (Calaveras formation) which, 
according to Diller, extend up into the Lassen Peak quadrangle. A narrow area of the same 
slates is exposed in Deer Creek, 6 miles east of Butte Meadows. 

Tlie ampliibolite from Oroville to Oregon City and Cherokee contains a number of quartz 
veins, of wliich the Banner mine is the best known, and many small seams rich in gold. At 
Yankee Hill is the Hearst mine, which is supposed to have yielded $1,500,000 from small shoots 
and stringers, and many other small pocket mines have bceji worked in the same vicinity. 
North of Sawmill Peak, at Magalia, is another belt of quartz veins, the northward continua- 
tion of which is believed to have enriche<I the Perchbaker. channel. Many small quartz mines 
are worked in the vicinity of Inskip, in the northeast comer of the quadrangle. Most of the 
veins are small and pockety. The annual production from the quartz veins in tliis part of 
Butte County is small, rarely reacliing $20,000. The whole *' Bedrock series'' in the Chico 
quadrangle is impregnated ^^dth gold-bearing seams and veins. The gold was concentrated 
into the numerous Neocene streams which have been preserved underneath the covering lavas 
along the western margin of the gold belt. ^lany of the recent streams were also rich and have 
been extensively mined in the early days. The bars along Feather River were long worked 
and reworked by the placer miners. The West Branch was likewise rich. 

NEOCENE TOPOGRAPHY AND DRAINAGE. 

The gentle slope of the foothills, which is so pronounced in the region adjacent to the 
Central Pacific Railroad, changes decidedly north of Bear River and still more north of Yuba 
River. The first rocks seen as one approaches the Sierra are massive greenstones — more or 



1 Further contributions to the geology of the Sierra Nevada: Seventeenth Ann. Rept. CJ. S. Oeol. Survey, pt. 1, 1896, p. 548. 
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CHICO QUADRANGLE. 85 

less altered diabases, basalts, or augite andesites — which form ridges trending north-northwest 
and as a rule rise abruptly from the rolling foothills covered with Quaternary gravels. Browns 
Valley Ridge, north of Yuba River, in the Smartsville quadrangle, is one of the best instances 
of this tendency. At Oroville and north of it the greenstone ridges also rise sharply from the 
sediments of the valley, but their direction changes here to more nearly north. North of 
Cherokee the principal ridge follows the east side of West Branch up toward Magaha, rising to 
a height of a thousand feet above the gently sloping tuff plateau on the west side of that stream. 
The same conditions, more or less pronounced, continue northward to Inskip and Chaparral, 
the latter situated in the Lassen Peak quadrangle. The bedrock ridge here rises to elevations 
of over 5,000 feet, and the Tuscan tuff spreads westward about 1,000 feet lower. North of 
this point the lavas of the Lassen Peak quadrangle cover everything, the contact line between 
the bedrock and the lava fields turns eastward, and the conditions become comp heated by the 
appearance of late Tertiary or Quaternary faulting. Tliis sharp slope was even more pro- 
nounced in Neocene time than at present. At Smartsville the Neocene Yuba River broke 
through the greenstone barrier, which rose a thousand feet above the stream. At Oroville, 
where the present river has cut through the ridge and exposed the Neocene surface on the north 
side, the slope of this surface close to the valley is 1,000 feet in a httle more than 3 miles. 
Between Cherokee and Pentz the escarpment is very well marked, and the section from MagaUa 
to Sawmill Peak (PI. XV; fig. 7, p. 93) shows a rapid rise of 1,500 feet of the Neocene surface. 
West of Magalia, as shown by the exposures in Butte Creek, the slope is less steep, but the 
bedrock soon disappears underneath the lavas. 

In the area here described there existed no master stream hke the Neocene Yuba River, 
which debouched near Smartsville. Doubtless many smaller streams drained the area, but 
the Neocene headwaters of the Yuba included the upper reaches of the present Feather River. 
The range, north of the Yuba, was in Neocene time an elevated region with many ridges 
trending northwesterly and northerly. The great flows of andesite tuff which followed down 
Yuba River to the Sacramento Valley failed to cover these rolling uplands and no connected 
areas of these volcanic flows are to be found below the western foot of the escarpment north 
of Cherokee. The Neocene gravels of these uplands were easily destroyed by later erosion. 
The present Table Mountain north of Oroville is the renmant of a flow which evidently originated 
in the foothills of the range. 

There was, as stated above, no Neocene river corresponding to the present Feather. One 
of the numerous smaller streams taking its place was that whose gravels have been mined so 
successfully at Cherokee, 1^ miles north of Oroville. Neocene shore gravels appear along a 
north-northwestward-trending line from Cherokee to Mineral SUde and Helltown, on Big Butte 
Creek. The northeastern part of the Chico quadrangle was drained by a very well defined 
channel deeply cut through the greenstone ridge. Its upstream course runs from the Mammoth 
shaft, 2 miles west of MagaUa, to the Parry incline, 3 miles north of the same place, and thence 
up below heavy covering volcanic masses to the northeast corner of the quadrangle. (See 
PL XIV.) 

West of this deep channel are a number of small but rich channels draining westward across 
the present canyon of Big Butte Creek, north of Nimshew. 

The Neocene gravel deposits of the Chico quadrangle have been described as shore gravels 
by H. W. Turner,^ but except for certain deposits near Helltown and Mineral Slide, on lower 
Big Butte Creek, such a view seems untenable. Everything indicates, on the contrary, a rough 
configuration of the Neocene surface and a steep slope from the highlands of the Bidwell Bar 
quadrangle and the eastern part of the Chico quadrangle to the lower country covered by the 
Tuscan tuff. Shore gravels may well exist under the covering lavas through the "Lassen 
Straits" of Diller, supposed to connect the Sacramento Valley with the Neocene lakes of the 
Great Basin. However, the most northerly exposure of the bedrock formation of Deer Creek, 
in the southwestern part of the Lassen Peak quadrangle, shows plainly that a deeply eroded 
stream bed existed here, partly filled with auriferous gravel.' 

1 Op. cit., pp. 545, 546. 

> DlUer, J. S., Geology of the Lassen Peak district: Eighth Ann. Rept. U. 8. Geological Survey, pt. 1, 1SS9, p. 416. 
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TERTIARY GRAVELS OF THE SIERRA NEVADA OF CALIFORNIA. 



VALUE OF THE GRAVELS. 

The bottom gravels of the Neocene channels are usually rich, values of 13 to $6 a cubic 
yard being common. Most of the operations are, however, conducted on a small scale, for the 
channels are mostly narrow and the bedrock uneven. The drift and hydraulic mines of the 
Chico quadrangle vary considerably in production from year to year. There are ordinarily 
from 15 to 25 operators, and the total yearly output ranges from $100,000 to $200,000, the 
latter figure being nearly reached in 1901. The largest individual production during that 
year was $52,000. In 1908 the production of the same class of mines was reduced to about 
$26,500, only about $14,000 being reported from drift mines. Besides there is an output of 
gold from '^surface mines,'' mainly Quaternary, which in 1908 yielded $56,000. In 1909 about 
the same production was recorded. 

TABLE MOUNTAIN AND OROVILLE. 

Table Mountain, north of Oroville, is of especial interest owing to the presence of gravels 
of many different ages. The geologic history is briefly as follows, beginning with the oldest 
deposits: (1) Deposition of Chico formation (Upper Cretaceous); (2) epoch of erosion; (3) 

accumulation of lowest gold-bearing gravels 
(Eocene ?) ; (4) deposition of lone formation, 
underlying Table Mountain; (5) eruption of 
basalt of Table Mountain; (6) formation of 
high volcanic gravels of Table Mountain; 
(7) epoch of erosion; (8) deposition of tuff 
and lower gravels (late Pliocene) of Oroville; 
(9) epoch of erosion; (10) deposition of bench 
gravels of Oroville (Quaternary); (11) epoch of 
erosion; (12) deposition of present stream 
gravels. (See PL XV.) 

There is only one small exposure of the 
Cliico formation in Dry Creek, a mile south of 
Pentz's ranch, at the northern base of Table 
Mountain, at an elevation of 300 feet, and the 
Cretaceous sandstones are here covered by 
beds containing shells of Corbicula,^ a fresh or 
brackish water moUusk. The fossiUf erous beds 
are in turn covered by the thick white clays 
and shales of the lone formation. A few miles 
north of Pentz, in Big Butte Creek, the Chico attains an elevation of 1,000 feet, but south of 
Table Mountain the lone formation rests directly on the bedrock. 

The well-known Cherokee hydraulic mine (PL IV^ p. 24) is situated at the north end of 
Table Mountain and has been described briefly by J. S. Diller ' and in several of the reports of 
the State mineralogist.' The bedrock of the channel mined is exposed for about 4,400 feet, 
and in this distance the descent is 250 feet in a west-southwest direction. The form is that of a 
flat trough, the bedrock rising on the south side 150 feet and on the north side 200 feet and 
being laid bare throughout. Many millions of cubic yards of gravel have been removed. The 
bottom of the channel is on the whole flat and 700 feet wide. The bedrock is very irregular 
in detail and covered by large greenstone bowlders. The elevation at the upper or east end is 
about 1,250 feet; at the lower end, at the hydraulic bank, about 1,000 feet. Tliis channel 
is not the bed of a main river but rather that of a broad and steep gulch. 

The succession of beds is shown in the accompanying diagram (fig. 4). The following is 
the section, beginning from the bedrock: 




Figure 4.— Diagrammatic section of Tertiary gravels, lone formation ^ 
and basalt at the Cherokee ml)ie, Oroville Table Mountain, Butto 
County. See text for explanation. 



» Turner, H. V\*., The rocks of the Sierra Nevada: Fourteenth Ann. Rept., V. 8. Geol. Survey, pt. 2, 18M, p. 403. 

« Tertiary revolution In llic topography of the Pacific coast: Fourteenth Ann. Ilept. U. S. tJeol. Sur\'ey, pt. 2, 1894, p. 418. 

» Notably by E. B. Preston, In Eleventh Rept., 1893, p. 155. 
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hydraulic method. The next layer is made up of rusty sediments about 10 feet thick; it con- 
tains waterwom pebbles of quartz and siUceous metamorphic rocks and is especially remarkable 
as containing abundant fragments of the black fine-grained basalt of Oroville Table Mountain, 
which is only 2 miles distant. These fragments, many of which are from 3 to 6 inches in major 
diameter, are not noticeably waterwom. This layer appears to give evidence that Table Moun- 
tain was undergoing erosion at the time the layer was being formed. Overlying it is about 50 
feet of soft, light-colored, very fine grained sediments or tuff. A microscopic examination 
shows the brown friable material to be a true tuff of andesitic origin, made up of microUtic 
fragments and of broken crystals of plagioclase (in part labradorite), augite, hypersthene, and 
brown hornblende, all of which are abundantly represented. Overlying this fine sediment is a 
harder 4-foot layer of basaltic tuff. From this layer to the top of the table, a vertical distance 
of about 150 feet, all is tuff, with more or less gravel and angular fragments of lava, much of 
which is basaltic. One layer about 10 feet thick in this mass of tuff is composed of well-rounded 
lava pebbles, and the top is a heavy bed of dark breccia. The succession made out above may 
be tabulated as fullows: 

Section at Welches hydraulic gravel mine^ H miU$ north of Pentz. 

Feet. 

Tuff, conglomerate, and breccia; largely basaltic 150 

Very fine tuff of andesitic detritus 50 

Sand, quartz pebbles, fragments of the older basalt .' 10 

Sand and gravel 70 

Angular gravel 10 

Base. Paleozoic slates dipping at a high angle. 

290 

It is evident that in this region the lone formation overlapped a very uneven surface, but 
no indications of faults have been observed. The andesite tuff is clearly younger than the basalt 
of Table Mountain, and a certain amount of the lone formation and basalt was eroded before the 
volcanic mud stream came down. This epoch of erosion has left deposits of stream gravels, heavy 
bodies of well-washed basalt cobbles (PI. XVI, A). The gravels of such intermediate channels 
have been mined near Cherokee, at Sugar Loaf, where they were rich in coarse gold. On the 
western slope of Table Mountain, at Autzmann's ranch, at an elevation of 500 feet, two tunnels, 
each 200 feet long, have been driven in such gravels, which rest on clays of the lone formation 
and contain fragments of bones. 

Along the east front of Table Mountain the basalt generally rests on bedrock at an eleva- 
tion of about 1,000 feet. A sharp Neocene slope of 500 feet in a mile carries the bedrock down 
from Monte de Oro to Morris and Chambers ravines, where several hydraulic and drift mines 
are located on bodies of gravel once overlain by the basalt of Table Mountain. 

The elevation of the bedrock at the diggings above the road house on the point of South 
Table Mountain is 750 feet. On this point an area of about 900 by 150 feet along the rim has 
been washed. The rim rises 50 feet on each side, forming a distinct shallow trough. Tlie 
bedrock is greenstone. The bank is 100 feet high, showing 50 feet of white sand A^dth extremely 
well-washed pebbles, mainly of quartz. The sand shows fine fluviatile stratification. This 
is covered by 50 feet of yellowish clay in horizontal beds and this in turn by basalt. From 
this point the bedrock remains near an elevation of 620 feet nearly to the Yuba mine, where it 
sharply drops to 580 feet. Here there is a considerable hydraulic pit, showing a bank of fine 
quartz sand with pebbles, underlain by yellowish material containing many pebbles of diabase. 
This streak is said to contain good drifting pay. Just below this pit, at an elevation of 565 
feet, the Yuba tunnel extends a few hundred feet in a westerly direction. A slight incline 
carries it down to bedrock 20 feet below the portal; at tliis point the bedrock still pitches into 
the hill. The breasts of pay gravel show 5 to 6 feet of fine clayey, partly cemented material 
with many imperfectly washed pebbles of quartz and diabase and much fossil wood. Some 
pieces up to $2 in value have been found, but most of the gold is much finer. Above is a stratum 
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of clayey sediments. This gravel, of which a considerable amount has been worked, is said to 
contain $4 to the cubic vard. 

A short distance north of the Yuba mine, on the road toward the Goodall & Perkins mine, 
the Old Glory shaft is sunk 160 feet deep to the greenstone bedrock, which lies at an elevation 
of about 510 feet and slopes gently west. Coarse, partly angular greenstone gravel was found, 
apparently containing little gold. The shaft is dry. 

A lai^ hydraulic cut has been made at the Goodall & Perkins mine in the clays and 
fine gravels of the lone formation, showing a lowest bedrock elevation of about 560 feet. An 
incline sunk on the rim between the Old Glory shaft and the Goodall & Perkins mine is said 
to have found bedrock 100 feet lower than in the Old Glorv. 

The hydraulic diggings in Morris Ravine were unsuccessfully worked on account of a 
slide on a clay seam which brought the whole lava bluff above down as fast as it could be 
hydraulicked off below. Then drifting operations were begun, closing in 1897. The main two 
tunnels were run at an elevation of about 600 feet, both in a northerly and northeasterly 
direction, the westerly tunnel being at a somewhat higher elevation and crossing the easterly 
tunnel. The lower tunnel is 1,700 feet long. Pay was found in the hill in shape of a channel, 
sloping steeply westward, of pretty coarse blue (greenstone) gravel lying in quartz gravel 
as if a gully had been cut in the previously deposited fine quartz gravel. The eastern part 
of the block, 600 feet long and 100 feet wide, was 120 feet higher than the western part. 
Coarse gold was found, some pieces having a value up to $133. About 12,000 cubic yards 
was mined, containing according to reports from %\ to S9 a yard. The pitching bedrock, 
accompanied by an influx of water, presumably stopped the operations. 

No bedrock has been found east of these exposures. Heavy masses of clay, with fossil 
wood, prevail in the south branch of Chambers Ravine. 

There seems to be no large, well-defined channel in Morris Ravine, but an even, rather 
sharp westward slope, which contained several gullies in which coarser and finer gravel accumu- 
lated. They certainly do not represent the continuation of the Cherokee channel. 

Some leaf impressions have been found in the lone formation at the Cherokee mine, but 
their examination did not lead to definite conclusions. Leaves of Juglans calif omica Lesquereux 
were identified by Knowlton from clays in Morris Ravine.* 

OROVIIJLE DREDGING GROUND. 

The Oroville dredging ground (see PL XV, p. 86) is considered to comprise about 7,000 acres 
of the present flood plain of Feather River, or a few feet above it, beginning a few hundred 
yards below town and continuing down for about 5 miles, where the ground gradually gets 
poorer, and thus more difficult for the dredgers to handle. The width varies from less than a 
mile to about 2 miles. The average depth of gravel is 25 or 30 feet, increasing to 40 feet lower 
down on the river. The gravel rests on a false bedrock consisting of a compact volcanic tuff 
containing no large lava pebbles or fragments. The sidehills as a rule rise rather abruptly 50 to 
70 feet above the flood plain, and consist of probably the same tuff covered with heavy Quater- 
nary gravels on top, spreading in sloping plateaus. On slopes this gravel has in places been 
concentrated and shows evidence of old shallow diggings. Near Oroville and also lower down 
old Chinese workings are plentiful in the dredging ground, in part worked in open pits by Chinese 
pump, in part by drifting. Much of the richest ground is thus already exploited. 

The deposits consist of heavy gravels, many cobbles being over 6 inches in diameter; even at 
a distance of 5 miles below Oroville, 6 to 8 inch cobbles are plentiful. At that place one diabase 
bowlder 2 or 3 feet in diameter was noted. Gravel and sand alternate; sand, coarse gravel, 
or fine gravel may rest on the bedrock. Most of the gold is in coarse gravel ; here and there 
some is contained in sand. The gold is fine, and some of it may be called flour gold. The 
tenor rans:es from 12 to 20 cents to the cubic vard. 



* Turner, H. W., Further coziiribu..ioii3 to thia gjology of the Sierra Nevada: Seventeenth Ann. Rept. U. S. Oeol. Survey, pt. 1, 189G,p. 546. 
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The dfedging industry at Oroville has developed rapidly in recent years. In 1901 only 
11 dredging machines were at work. In 1905 the product of 15 companies, with about 35 
dredges, was $2,262,000. In 1909 13 companies with 26 dredges reported a product $2,743,000. 

The bedrock at the Oroville dredging ground is a tuff that is pretty compact, though soft 
enough to be cut by dredge buckets. It contains small white pumiceUke fragments, consisting 
of volcanic glass; in places, however, the fragments are very small and the tuff looks more like 
a compact clay. This tuff is exposed all along by dredging 20 to 40 feet below the surface; 
it also shows in the steep south bank above the tailings level 3 miles below Oroville, where 
it is capped by gravel, and on the road to Bidwell Bar 2 to 3 miles east of Oroville. On the 
Wyandotte road it outcrops in the low foothills below the gravel up to elevations of about 
400 feet. It appears also one-fourth mile below Oroville bridge, on the north side of the river, 
below a 30 to 40 foot bench of Quaternary gravel. The contact of this Quaternary river 
gravel and the greenstone bedroqk slopes gently westward, and the contact between greenstone 
and tuff seems to dip more steeply to the west. 

This series of tuffs, sands, and clays, as shown on Plate XV, extends south of Feather River 
for several miles; probably it underlies the Quaternary gravels of the whole foothill region 
between the Feather and the Yuba, and it is reported to underlie the gravels at the Yuba River 
dredging ground. Its thickness is unknown but probably increases rapidly westward. Below 
Oroville bore holes 80 feet deep have been sunk in it without finding any different material. 
Its correlation is somewhat difficult. It might be considered the exact equivalent of the lone 
formation, but the fact that no tuffs have been found in the lone formation at Table Mountain 
is against that correlation. The origin of its volcanic constituent is probably not the slope of 
the Sierra Nevada. It is more likely that ash showers from the neighboring volcano of the 
Marysville Buttes contributed to its formation and that it was deposited on the bedrock at 
the close of the Neocene, before the canyon of Feather River had been cut but after an active 
epoch of erosion of the older lone formation. The bedrock relations at Oroville indicate pretty 
clearly that this series was deposited on the even Miocene slope corresponding to that of the 
lone formation on the north side of the river, before the modem canvon had been excavated. 
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FiOUES 5.— Diagrammatic section across Feather River below Oroville. a, Bedrock; b, lone formation; c, tuffs of Oroville. 

The Quaternary river gravels rest at Oroville on these beds in several fairly well defined 
benches. (See fig. 5.) At Oroville there is a comparatively narrow, lowest bench 20 feet 
thick. The bedrock is 30 feet above the river, at an elevation of 160 feet above tlic sea. Above 
this there are two rolling benches wliich have an elevation of 340 to 430 feet, the latter being 
the maximum elevation of the Quaternary gravels on the Bangor road. 

MAGALIA AND BIG BUTTE CREEK. 

GEKEBAL DESCBIPTION OF THE GBAVELS. 

Northward from Cherokee tlie normal andesite tuffs of the Sierra Nevada rest on the slates 
and greenstones near the West Branch at the foot of tlie first bedrock ridge of the Sierra. 
Neocene gravels reappear in Big Butte Creek about 12 miles from the north end of Table 
Mountain. The canyons of Big Butte and Little Butte creeks are here incised from 1,000 to 
1,500 feet below the sloi)ing tuff plateau. At Mineral Slide and Helltown ratlier heavy gravels 
rest in broad depressions partly on slate, partly on the eroded surface of Cliico sandstones 
(Upper Cretaceous). They have generally been described as shore gravels by Turner and 
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others, but it is rather doubtful whether this term should be taken literally. More probably 
they are river gravels from the broadened channels near the old shore line. 

At the Mineral Slide ^ or Magalia Consolidated mine the tuffs are about 600 feet thick, and 
the contact between them and the bedrock (slate or Chico formation) lies at an elevation of 
about 1,500 feet on the north, sinking to 1,000 feet on the west side. Several tunnels have 
been run in and good pay was found on the rim, but the main depression opened by the big 
tunnel 1,300 feet long contains low-grade gravels of large extent and up to 10 feet thick, gold 
being scattered throughout the tliickness. To the northeast of Mineral Slide, east of the Ethel 
tunnel, are several smaller channels which run southward toward Mineral Slide. 

In the Eureka tunnel,' which is about a mile northeast of Mineral Slide, at an elevation of 
about 1,300 feet, a pay channel on slate bedrock was worked for about 2,600 feet a little east 
of north. The gravel is said to be 8ubang;ular, the width of the channel 15 to 40 feet, and the 
thickness of gravel below the lava roof 2 to 3 feet. The gold is coarse. From 1884 to 1888 
$30,000 had been produced. Of late years no work is reported. 

Great masses of gravel occur near Centerville on Big Butte Creek. These bodies, of which 
those of Mineral Slide form an easterly extension, were accumulated at the lower end of the 
Magalia channel, which came down from the northeast comer of the Chico quadrangle by way 
of the Parry incline. Excellent exposures of these great bodies of gravel are shown on the 
east side of Big Butte Creek, on the road from Nimshew to Centerville. The slate bedrock 
slopes gradually southward from Nimshew to a point opposite Helltown, where it has an elevation 
of 1,500 feet. It then rapidly drops to 1,000 feet, and along the slopes great masses of well- 
washed gravel are seen, mostly of granite and metamorphic rocks and in places over 100 feet 
thick; they are covered by andesitic tuffs (PI. XVI, 5, p. 88). Near the same place the Upper 
Cretaceous sandstone (Chico formation) appears in horizontal strata, intercalated between the 
gravels and the bedrock of Paleozoic slates. The contact of the slates and the Chico formation 
dips rather steeply toward the south and the last outcrops of the slates are seen about 2 miles 
above Centerville in Big Butte Creek. This gravel-filled depression doubtless continues valley- 
ward toward the city of Chico, but its exact course has not been traced. The Neocene gravels 
rest on fairly level Chico beds and at Centerville lie at an elevation of 950 feet, about 400 feet 
above the creek bottom on both sides of Big Butte Creek. There are several small hydraulic 
cuts near Centerville, but no work is carried on at present. The gravel is reported to be of 
low grade, though good pay was found in places along the rim. In some of these so-called 
shore gravels basalt pebbles were found, but they probably are confined to an upper stratum 
directly underlying the andesitic tuff, which is here 600 to 700 feet tliick. Turner ' makes the 
interesting statement that the lower part of the Chico formation contains gravels which carry 
gold, though they are of too low grade to be worked. 

On the road from Magalia to Oroville, by way of Paradise and Clear Creek, no Chico sand- 
stones. Neocene auriferous gravels, nor lone clays are seen. The tuff continues almost to the 
level of the vaUey, alternating in places with clay beds and volcanic gravels. All these relations 
strengthen the conclusion that the lone formation had suffered much erosion between the 
eruption of the Table Mountain basalt and that of the andesitic tuffs. The lava of Table 
Mountain probably issued from one or more local vents, while the enormous masses of tuff 
covering a large part of the Chico quadrangle found their way down the slope as mud streams 
from the volcanoes in Lassen County. As suggested by Turner, the andesitic tuffs of this 
quadrangle (equivalent to the Tuscan tuff of Diller) may be of somewhat later age than those 
found on the slope of the Sierra farther south. 

If the figures given above are correct, there is a fall of about 330 feet in 4 miles between 
the Parry incline and the Ethel tunnel, making a grade of 82 feet to the mile. The grade 
between the gravels at Centerville and the Ethel tunnel would be about 100 feet to the mile. 

» Turner, H. W., Further contributioas to the geology of the Sierra Nevada: Seventeenth Ann. Rept. U. S. Oeol. Survey, pt. 1, 189fi, p. 545; 
TweKth Ann. Rept. California State Mlnenilo^Lst, p. Sf*. 

* Tenth Rept. California State Mln?ralo?lst. p. 117. 

• Turner, H. W., Fiuther contributions to the geology of the Sierra Nevada: Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 1, 1896, p. 647. 
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THE MAOALIA CHANNEL. 

The first definite location of the Magalia channel northeast of the '^ shore gravels'' at 
Centerville is on Middle Butte Creek li miles west of Magalia, where it is crossed by a belt of 
tuff about 3,000 feet in width. In this vicinity the Mammoth shaft was sunk to a depth of 
100 feet, and the Ethel timnel was driven at an elevation of about 1,300 feet on the west side 
of Middle Butte Creek, but no satisfactory results were reported. Possibly the tunnel reached 
the channel at the point where it began to spread out. 

The continuation of the channel is easily traced northwestward, Magalia being situated on 
the high southeastern rim, and it crosses Little West Branch 3 miles north-northeast of MagaUa. 
In this canyon the tuff belt is about 4,000 feet wide and the rims rise sharply on each side. 
The Parry incline (fig. 6) is situated near the bed of the creek not far from its junction with 
West Branch, at an elevation of about 1,860 feet. The incline is sunk toward the west at an 
angle of about 22® from the horizontal, partly in bedrock, partly in tuff, and is 700 feet long, 
reaching a vertical depth of 260 feet, which makes the elevation of the supposed bedrock of 
the channel 1,630 feet. A drift 500 feet long was rim, from which several raises 30 to 60 feet 
high showed that the channel was filled with coarse sand and large bowlders, with little pay 
gravel on the bedrock. The quantity of water pumped was naturally heavy and is given as 
26 or 28 miner's inches. Below this point the Magalia channel continued in a narrow, canyon- 
like valley, widening to a more open one at CenterviUe. Although it traverses auriferous 
territory throughout, the results at the two places where it has been opened show that reliance 
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Figure a.— Section through Parry hicllne and Magalia shaft from West Branch to Big Butte Cr?ek. 

can not be placed on its paying character. However, it should contain pay gravel, at least 
from the Parry mine downward toward the old Mammoth shaft. (See PI. XIV, p. 84.) 

The northward extension of the Magaha channel lies underneath the lavas on the west side 
of the West Branch. Its position is clearly indicated agaia where the Kimshew bridge crosses 
the West Branch* ia the northeast comer of the quadrangle; the stream here flows over volcanic 
tuff for more than a mile at an elevation of about 3,200 feet, and the depth of the deepest channel 
covered by the tuff is unknown. East and west of this old canyon the bedrock rises sharply 
and abruptly almost 1,500 feet. The headwaters of this Neocene stream must lie in the south- 
em part of the Lassen Peak quadrangle, and it crosses the northwest comer of the Bidwell Bar 
quadrangle. 

PERSCHBAXER MINE. 

The Perschbaker or Lucretia mine,- also called the MagaUa mine, is one of the best-known 
drift mines in tliis p&rt of Butte County. It is worked on a small tributary to the main Magalia 
channel, but has proved very rich in unusually coarse gold, which in places almost covered its 
bedrock. The total production is over $1,000,000. The mine is situated on Little Butte Creek 
2 miles north of MagaUa, at an elevation of about 2,500 feet. The first discovery was on the 
west bank of the creek; this was the old Perschbaker channel, which, as shown by figure 7, was 
followed down to the junction with a larger channel which above this jimction seems to spUt, 
one of the branches possibly connecting w4th the Princess channel, 2 miles farther north. The 
maia branch may be called the Little Magalia channel. The Perschbaker channel is a narrow 
and steep tributary, with a Uttle angular wash and very coarse gold. Its grade is 282 feet in a 
total mined distance of 3,500 feet, in wliich it gradually decreased from 8 per cent to 3 per cent. 

» Turner, H. W., op. cit., p. 546. « Gassaway, A. D., The Magalia drift mine: Min. and Sci. Press, Apr. 8, 1899, pp. 372, 400. 
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The Little Magalia channel; mined for a distance of nearly a mile, falls 186 feet in that distance. 
The mining was done from a perpendicular shaft sunk 512 feet to bedrock, through '*ash, lava, 
basaltic sand, and volcanic gravel." The 
flow of water was heavy, the maximum bemg 
625 gallons a minute. At a depth of 452 
feet the shaft encountered metamorphic 
gravel, which continued for 50 feet to bed- 
rock. The wash in the Little MagaUa chan- 
nel is 50 to 60 feet wide, the pay gravel 
t>eing 6 feet high from bedrock. The bed- 
rock is slate, alternating with serpentine; 
one streak of limestone was crossed. Two 
faults were met, with sharp southern up- 
throws of 5 and 34 feet. The mine was 
idle in 1901. 

The Princess (Aurora) mine* is located 
a mile north-northeast of the MagaUa mine 
and is supposed to be working on an ex- 
tension of the same channel. The inclined 
shaft is 330 feet deep, at an angle of 32^. 
The channel is said to be 70 feet wide and 
to contain 3 feet of blue gravel with large 
cobbles and bowlders and coarse gold on 

Sementine bedrock. figure 7.— sketch map of the worlvlngs of the Perschbaker or Magalia mine. 

* EAST SLOPE OF BIO BTrTTE CBEEX. 

A number of small steep channels have been found underneath the tuflf cap along the east 
side of Big Butte Creek. (See PI. XIV, p. 84.) One of them, northwest of Nimshew, called the 
Black Leg, was followed in a north of east directiqn for 1,200 feet. Another, the Emma, was 
followed for 1,670 feet from its outlet at Federal Point, a short distance southwest of , Nim- 
shew. The tunnel being long and crooked, a new 1,000-foot tunnel was driven in due west of 
Nimshew, at heavy sluice grade, the sluice being employed first to carry out the broken rock 
and later to wash the gravel. The gravel deposit is from 10 to 100 feet wide and from 1 to 3 
feet thick and the pebbles are subangular and medium coarse. At many places andesitic tuff 
lies immediately on the bedrock. The grade of this channel for the distance worked is about 
86 feet. The bedrock in the new workings is alternating slate and amphiboUte, with one 
streak of limestone. Outside of the channel the bedrock seems to be covered by an old soil 
1 or 2 feet in thickness. One tree trunk 10 inches in diameter was found standing upright in 
the tuff. 

The Oro Fino mine is situated a few miles farther north, in Indian Springs Ravine, near 
Hupps Mill. Here a westward-trending channel has been followed up underneath the lava for 
about 2,700 feet. The gravel has a greatest width of 60 feet and is 4 feet deep, but in places 
the tuff closes down on the bedrock. The gold is very coarse. Undergroimd hydraulicking is 
employed, as at Snow's mine in the Bidwell Bar quadrangle. A quarter of a mile farther north 
is the Indian Springs tunnel, which has followed a similar channel upstream in a northeasterly 
direction for 4,000 feet. This channel finally split in two, one branch trending toward Toadtown 
and the other going more to the north in the direction of the Pete Wood timnel, owned by the 
Golden Gate Limited Co. 

WEST SIDE OF BIO BX7TTE CBEEX. 

Other small drift mines are located on the west side of Big Butte Creek, at Berdan and other 
places; also on the West Fork of Big Butte Creek, 6 miles northwest of Lovelock. They were 
not visited. 



1 Thirteenth Rept. California State Mineralogist, p. 91. 



CHAPTER 6. THE BIDWELL BAR QUADRANGLE. 

GENERAL. GEOLOGY. 

The Bidwell Bar quadrangle comprises the larger part of the main and most northerly 
block of the Sierra Nevada, which rises rapidly from the Sacramento Valley to elevations of 
over 7,000 feet near Spanish Peak. It has been deeply dissected by Feather River, some branches 
of which form magnificent canyons up to 3,000 feet in depth. The most striking features of 
the *' Bedrock series'* are several extensive areas of granitic rocks intrusive into greenstone, 
serpentine, and into less prominent belts of clay slates, which compose most of the Calaveras 
formation (Carboniferous). 

Compared with adjacent quadrangles of which the geology is mapped, the Bidwell Bar 
quadrangle contains relatively small areas of the Neocene volcanic flows which were poured out 
over the old Neocene surface, and now, after Quaternary erosion, rest upon the ridge summits. 
In the northwest comer of the quadrangle are basalts, probably of about the same age as the 
general andesitic flows of the Sierra Nevada slopes. Along the Mooreville and parallel ridges 
in the southeastern part are basalt flows which antedate the andesite. Along the eastern 
margin, from Spanish Peak to Brandy City, are andesitic tufF-breccias in part resting upon 
the earlv basalt. 

THE NEOCENE SURFACE. 

In the absence of a general lava cover, the exact form of the Neocene surface is not every- 
where easily traceable, although the more or less level ridge summits unmistakably indicate 
the moderate Neocene relief of the lifted block. According to observations in the country 
farther south, the prevalent granitic areas indicate that the Neocene surface was probably one 
of low reUef. The Neocene surface appears to have formed undulating hills sloping southwest- 
ward, in which the streams had worn down valleys which were rarely more than a few hundred 
feet in depth. Northerly branches of the great Neocene Yuba River drained the southeastern 
part of the quadrangle; one of its headwaters probably came down from Cammel Peak by Davb 
Point, American House, Union Hill, Council HiQ, and Brandy City, while a more westerly 
branch seems to have crossed the Mooreville Ridge from Ludlam to Dobsons, and thence, perhaps 
by way of Clipper Mill to Pittsburg Hill, found its way down, following the present canyon of 
the North Yuba. 

Another channel, unquestionably flowing south, found its way from Gravel Range, in the 
Lassen Peak quadrangle, under Table Mountain to Snow's mine, its course ^outh of that point 
being problematical. 

In the northeast comer of the Bidwell Bar quadrangle the dislocations preclude satisfactory 
conclusions as to the direction of the channels. 

DISLOCATIONS. 

Faults were noted at Snow's mine, in the northwest comer of the quadrangle, trending 
northeast. None have been noted in the southeastern part, except two small ones observed 
by Goodyear at Brandy City.^ Turner indicates a probable fault following Dogwood Creek 
and Bear Creek near the middle of the east boundary, and its continuation appears to have 
been felt in the dislocations at Laporte, in the Downieville quadrangle, but probably the down- 
throw on the east side did not exceed a few hundred feet at any place. The greatest displace- 
ment is that along the eastern slope of Spanish Peak, causing the deep depression of Meadow 

* Whitney. J. D., Auriferous jrravels, pp. 4<)1, 402. 
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Valley, in the northeastern part of the Bidwell Bar quadrangle. The east side of the fault has 
evidently dropped 2,000 or 3,000 feet, for Neocene andesite-capped gravels rest on the very 
brink of Spanish Peak, while to the north of Meadow Valley they are found at elevations of 
4,500 to 5,000 feet. Turner believes that the dislocation occurred just after the last andesite 
flows. Meadow Valley is thus a depressed area, and a lake was formed in it in early Pleistocene 
time. About the shores of the lake Pleistocene auriferous gravels accumulated,* and Anally 
the lake found an outlet by way of Spanish Creek into the American Valley on the east. 

PRODUCTION. 

Most of the quartz veins in the quadrangle are short, and their pay shoots, with some excep- 
tions, are small and pockety. The granite areas contain few veins of value, but the surrounding 
rocks are at many places fairly impregnated with gold-bearing veins and stringers. Forbes- 
town is the most productive and permanent district, and its veins have fed both Feather Kiver 
to the north and the gravel of New York Flat on the south. The western and northern edges 
of the quadrangle contain abundant pockets and veinlets. The gold recovered from the Snow 
gravel mine, on granite, seems to have been derived largely from the slates about Gravel Range. 
The gravels in the vicinity of Spanish Peak and Meadow Valley have proved rich, but there 
are few quartz veins of great productiveness. Along the middle of the eastern boundary of 
the quadrangle the gravels seem to have been less productive. The most important gravel 
deposits are found in the southeast comer, in the basin of the Neocene Yuba River. The 
hydraulic mines at Brandy City and Indian Hill have proved very productive, although there 
are no prominent quartz veins in the vicinity. The gold seems to have been derived from 
stringers and veinlets in the rocks. The large central part of the quadrangle is almost barren 
of gravels. 

For the total production of the gravels of this quadrangle no exact figures are available. 
The total yield from the Neocene gravels does not approach that of the quadrangles adjoining 
on the south, southeast, and east. The canyons of Feather River were extremely rich, having 
received a very large amount of the gold accumulated on the Neocene surface in addition to 
that produced by Quaternary erosion. At present the production from drift and hydraulic 
mines is not large. A small output is reported from the Brandy City mines. 

KIMSHEW TABLE MOUNTAIN. 

In the northwestern part of the Bidwell Bar quadrangle is situated Table Mountain, a promi- 
nent remnant of an old basalt flow, whose sunmiit reaches an elevation of 6,000 feet. It is at 
the head of Little Kimshew Creek, in Butte County, on the divide between West Branch and 
North Fork of Feather River. The creek mentioned was rich throughout, and was worked at 
Ramsey Bar in 1901. Snow's mine, which is currently credited with a production of $300,000, 
is situated at the southerly base of Table Mountain, but here a moraine almost entirely covers 
the Neocene gravels. The main branch of the stream probably comes down to Snow's mine 
under Table Mountain, with a southwesterly direction from the vicinity of Gravel Range and 
Lot's diggings, in the Lassen Peak quadrangle. A tributary from the Reese & Jones, Princess, 
and Butte King drift mines probably enters under the northwest edge of Table Moimtain and 
should join the main stream underneath the sunmiit. 

At Snow's mine the valley of the Neocene river is partly preserved. On the west side rises 
a granite ridge, partly covered by moraine debris, to a maximum elevation of 400 feet above 
the channel in a distance of half a mile. On the east also high bedrock rises 500 feet above the 
channel. The old valley was thus about half a mile wide, so far as shown, and 500 feet deep. 
This channel was filled with gravel to a width of 100 to 200 feet and a thickness of 8 feet at 
most in the middle, thinning out toward the sides. 

The gravel is very well washed, siliceous pebbles being extremely smooth. It rests on some- 
what uneven soft granite bedrock, and contains some granitic sand. Practically all the pebbles, 

1 Downieville folio (No. 37), Geo!. Atlas U. S., U. S. Geo!. Survey, 1807. 
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which range up to 1 foot or rarely more in diameter but are mostly smaller, are of quartzite, slate, 
greenstone, and some quartz. Above lies basalt or black clayey basaltic tuff, locally separated 
by a smooth surface from the underlying gravel. As noted above, almost the whole of the deposit 
is covered by a moraine — a heavy ^ in places partly cemented -mass of coarse lava and granite 
bowlders. 

This channel is cut by faults, apparently running northeast and southwest, into blocks, which 
in a rough way show on the surface ; in one cut there is even a suggestion that some of the fault- 
ing may be postglacial, but the exposure is scarcely conclusive. In general there seems to be 
a series of steep faults dropping the channel southward. 

The uppermost bench, the elevation of which is about 5,330 feet, was found on the east 
side by hydrauUc work up a ravine (from Snow's old house) in the morainal mass. At the 
elevation mentioned the granite bedrock dropped off abruptly and on this rim was found rich 
channel gravel, wluch was sluiced underground for several hundred feet until a serious cave 
occurred. 

Large's tunnel (elevation 5,340 feet) first cut through moraine to granite bedrock in 200 feet. 
Then a raise of 20 feet was made and in a short distance channel gravel was found below the 
moraine. The channel seemed intact and is covered in the usual way by basaltic tuff, partly 
also by basalt. Along one side of the channel is a sharply cut bench 4 feet high, not faulted. 
At a point farther north, several hundred feet from the entrance, Snow's northernmost breast 
was passed. At the end of the present drift, which runs northeast, is noted a sharp fault, 
vertical and striking northeast. The drop is on the northwest side, the black lava joining the 
gravel on that side. 

Below this upper level is another, at an elevation of 5,175 feet, opened from Snow's old 
camp by a bedrock tunnel. It is said that several hundred feet of channel are breasted on 
this bench. 

Still lower is the fragment opened by the tunnel and incline from a point near Little Kim- 
shew Creek. The elevation of this working is 5,110 feet at the lowest point reached, A tunnel 
several hundred feet in length was run in granite northward. After breaking into the rim the 
bedrock was followed down for a vertical depth of 46 feet. There was a little gravel on the rim, 
covered by basalt. Near the bottom of the incline excellent pay was struck, but the extent 
of this streak was not ascertained on account of water. A tunnel was started in the moraine 
in the creek to tap tins bench. The gold is worth $18.25 an ounce. 

It IS somewhat remarkable that this channel cut in the granite contains so little granitic 
sand. It is present only to some extent as a cement for* the pebbles, but rarely in separate 
banks. This seems to indicate that the bedrock was either hard or perhaps more hkely cov- 
ered by thick vegetation. 

In contrast to this the flat modem valley at Ramsey Bar in Little Eamshew Creek, also 
in granite, shows a thickness of 6 to 8 feet of granitic sand. The pebbles of metamorphic rocks 
in the Neocene channel were unquestionably derived from the metamorpliic areas north of 
Table Mountain. 

The Jones mine is about 3 miles north of Snow's diggings. In going up to it one ascends 
the basalt capping 200 feet above Snow's mine, follows a ditch on the west side of Table Moun- 
tain, and crosses the glacial basin of Crane Valley Creek, at the head of wliich the Jones mine 
is situated. 

On the west side of Table Mountain underneath the basalt there is a distinct depression, 
indicated by bedrock rising several hundred feet on the north and about 200 feet on the south. 
The actual channel is hidden by lava sliding from the bluff above and by morainal dfibris. 
Some wash gravel is said to have been found at this point, wliich undoubtedly marks the inlet 
of a channel. 

The Jones mine is located at an elevation of 6,000 feet, in a depression between granite 
knobs rising to 6,300 feet on the southwest and 6,500 feet on the northeast, about a mile 
apart. This channel was not indicated by placers leading up to it, nor was any gold found 
close by the outlet. It was discovered simply from bedrock indications; a small shaft was 
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sunk where gravel was supposed to be and witliin 25 to 40 feet struck the bottom of the channel 
with good pay. 

The channel is worked in a small wav bv the Jones Brothers. One tunnel is run in for 
1/200 feet, seemingly in part on the west rim. The bedrock rises somewhat and is a hard, 
uneven contact-metamorphosed slate. In one place the basalt closes down on bedrock and there 
seem to have been narrows or falls. Another tunnel only a few hundred feet long is located 
about 200 feet northeast of the first, at about the same elevation, and is the one which now is 
being worked. At this place gravel was found almost at the grass roots. The channel is 
from 75 to 100 feet wide, and the gravel, which is up to 5 feet thick, consists mostly of slate 
pebbles in subangular fragments, some of them 1 or 2 feet in diameter. Very little smooth wash 
is visible. The gravel is well cemented and the gold is mostly coarse. 

Three-fourths of a mile to the north, in Last Chance Gulch, is another depression covered 
by Bracken & Doyle's claim, and closely adjoining is the tunnel of the Butte Princess Co. Near 
by is the Butte King mine, in which many years ago a rich channel descending steeply south- 
ward was mined by expensive methods. 

The Butte Princess tunnel is about 1,500 feet long, and in its first few hundred feet pene- 
trates the high slate rim. When the channel was reached the tunnel proved to be 15 feet too 
high. This channel has partly cemented, subangular slate wash Uke that of the Jones mine. 
The gravel has a width of 75 feet and is directly covered by lava; its thickness is at most 10 feet, 
thinning out on the rims. The bedrock is uneven and hard. The gold is coarse, flat, and in 
places rusty; many pieces of a value of about a dollar were found. At 1,200 feet from the mouth 
a tributary comes in, which is followed for several hundred feet north with rapidly rising bed- 
rock. At one place there is a sharp fault, rising 20 feet at an angle of 30°. This face is cov- 
ered with gravel like the rest of the channel, and in the gravel is some smooth wash. 

A mile northeast of the Princess is the Westcott, which probably is on the same channel 
and somewhat higher. 

Three miles a Uttle east of north of the Princess are Carr's diggings, separated from West- 
cott's by a ravine. It is a mile north of Westcott^s, at an elevation of about 6,200 feet, and 
carries quartz wash, partly subangular. The gravel is 20 feet thick and covered by lava. The 
channel probably trends northwestward. 

The main channel which runs northeastward from Snow's and crosses Rock Creek probably 
reappears at Gravel Range and at the small diggings named Cash Entry, Lots, and Morris, 
which are situated at elevations of about 6,400 feet. A short distance north of this the eleva- 
tion of the lava contact falls to 6,000 feet and the great lava fields of Lassen Peak begin. 

From all the facts it appears that this channel system was situated near the summits of a 
moderately high range. The valleys of the watercourses were 300 to 500 feet and even more 
below the top of the ridges. The hills were probably covered by thick vegetation, preventing 
any great accumulation of d6bris. The valleys were flat, U-shaped, or bowl-shaped and con- 
tained gravel only along narrow beds 75 to 100 feet wide. 

The covering basalt was evidently erupted shortly after the main andesitic flows. It is 
clear that it is much older than the basalt of Prattville, in the Lassen Peak quadrangle, the 
flows of which follow the present canyons. It is also certain that the channel wliich extends 
in an upstream direction northeastward from Snow's to the head of Rock Creek was the main 
channel, having a fall of only 70 feet to the mile, while the Jones channel has a grade of 200 
feet to the mile. 

Carr's diggings were probably on the northward slope of the Neocene divide. Thence down 
the distances and elevations along the principal channel are about as follows: 

Westcott, elevation 6,200 feet, distance 1 mile, grade 45 feet to the mile. 

Butte Queen, elevation 6,155 feet, distance three-fourths of a mile, grade 207 feet to the mile. 

Jones & Reese, elevation 6,000 feet, distance 1} miles, grade 267 feet to the mile. 

West inlet, Table Mountain, elevation 5,600 feet, distance 1^ miles, grade 173 feet to the mile. 

Snow's mine, elevation 5,340 feet. 

88337°— No. 73—11 7 
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On the other hand, the grade from Snow's to the head of Rock Creek is only about 70 feet 
to the mile. The grade is locally disturbed by faults, as clearly shown at the Snow mine, 
where the whole channel is sunk by step faults southward, and the possibility that the channel 
grade is increased by faults must not be overlooked. In all probabihty, however, there is 
little faulting above Snow's. 

In looking southward from Snow's the high and fairly level ridge southeast of North Fork of 
Feather River is a noticeable feature. Between this ridge and Snow's are a series of lower 
ridges, seemingly indicating a sunken area, near whose northern rim the mine is located. No 
quartz veins were noted in the granite area, while several prospects and large veins occur in the 
date adjoining on the north ; probably most of the gold came from these slates. 

NEOCENE GRAVELS OF MEABOW VALIiEY. 

Owing to Neocene faulting it is not possible to trace satisfactorily any channel system in 
the vicinity of Meadow Valley and Spanish Peak. On this peak Neocene gravels underlie ande- 
site at elevations of 6,400 to 7,000 feet, and it is possible that the stream which deposited them 
may have drained southward and formed the headwaters of the most westerly branch of the 
Neocene North Yuba, eventually connecting with Brandy City.* The extent of the gravels of 
Spanish Peak is not great. The deepest depression, which contains a little gravel, is covered 
by about 40 feet of pipe clay, from which good plant impressions, said to be of ]Miocene age, were 
collected. The clay is covered with the same thickness of gravels, in part containing andesite 
pebbles,* and these detrital beds are covered by the usual tuffaceous andesite breccia. 

To the northwest of Meadow Valley and about 2,000 feet lower are several smaller Neocene 
gravel patches, as shown in the Bidwell Bar foho.' 

Two miles northwest of Spanish Ranch, at an elevation of about 4,600 feet, is the hydraulic 
mine of Bean Hill, which, according to unpublished notes by Turner, contains quartz gravels of 
the oldest prevolcanic epoch. Two miles north of Spanish Ranch, underneath a heavy capping of 
andesitic tuff, is tlie Pine Leaf channel, which has been traced in a northwesterly direction for 
about a mile. This channel is 200 feet wide and its gravels, which are only 4 feet thick, are 
stated to contain about $1.50 in gold to the cubic yard. They are covered by sandy pipe clay, 
above which Ue masses of volcanic gravel. The channel has been worked at the Pine Leaf and 
Kniewel mines; the Kniewel tunnel, 1,100 feet long, is at an elevation of 4,900 feet and proved 
40 feet too liigh. 

QUATERNARY GRAVELS OF MEADOW VAULEY, 

The downthrow of Meadow Valley, wliich is beUeved to have taken place at the close of 
Neocene time, created a lake, according to Turner, which finally overflowed and connected 
with the similar structural depression of American Valley to the east. Many gravel deposits 
that were formed in Quaternary time around tlie margin of tins lake remain near Meadow 
Valley and farther east, on tlie north side of Spanish Creek, between Meadow Valley and Quincy. 
Turner* describes them as follows: 

The gravel beds about Meadow Valley * * * underlie the \-alley and form terrace? about it, eome of which 
attain an altitude of more than 4,000 feet, the lowest part of the valley having an altitude of about 3,700 feet. As has 
been before intimated, this \'alley appears to have been formed by orographic cause?, probably in early Pleistocene 
time. The gravel beds that form the terraces about it plainly show that it was occupied for a long time by a body of 
water, and a glance at the topography shows that this lake must have drained eai^terly— that is, into the American 
Valley, itself an old lake bed, although apparently a shallow one. 

The Meadow Valley gravels have been mined ver>- extensively by the hydraulic method at Gopher Hill, 1 J miles 
east of Spanish Ranch. The banks now exposed show the character of the material finely. The exposure on the routh 
side of the flume shows a vertical bank about 150 feet high, in which are two layer? of a light-buff color from 1 to 5 feet 
in thickness. The lower layer is perha|)s from 40 to 60 feet above the bedrock and the upper layer 50 feet hi'^her. 
The same material is exposed in a bank north of the flume, and a specimen was taken there. Microecopic examii.iiticn 

» Th«e (travels are* destTil»ed by J. D. Whitney in *• .\uriferous gravels." p. 216. 

« Turner. H. W., Bidwell Bar fjluMNo. 4:\\ (Uvl. Atlas V. S., T. S. CtwL Suney. 1808, 

» Also deschbeil by <«ixviyear in Whitney's •• Auriferous pravels." p. 474. 

« Further ooniri but luas to the geology of the Sierra Nex-ada: Seventeenth Ann, Rept. U, S. Geol. Surrey, pt, 1, isw, pp. 556-^58. 
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shows this to be composed of isotropic, translucent grains, often reddish by discoloration, and doubly refracting grains 
and angular particles, some of which are probably quartz. The isotropic material is probably volcanic glass. * ^ * 
The presence of the glass particles shows that these layera may represent in part volcanic ashes, perhaps from the Lassen 
Peak volcanic vents. The material is very light and friable. 

The general color of the Gopher Hill gravel is reddish, a dark red near the surface. The pebbles are usually small, 
from 1 to 4 inches in diameter, and by far the greater number of them are flattened. Decomposed lava pebbles were 
noted, but the pebbles are mostly composed of rocks of the pre-Tertiary formations, quartzite, greenstone, and siliceous 
aigillite being represented. Pebbles of white quartz occur, but are not abundant. There is a large amount of silt and 
sand, perhaps one-half of the entire material. Lying about over the area that had been washed by the hydraulic 
method were noted many well-worn pebbles about a foot in diameter, but there were very few of these to be seen in 
place in the banks. 

A large sur&ce of the lower gravel beds at Grub Flat and vicinity has been mined over. Underlying the well- 
rounded gravel northwest of Grub Flat is some decomposed ''cement" gravel, made up largely of small roimd red, 
brown, and white particles, between which there has been an opaque white secondary substance deposited in con- 
centric layers. Under the microscope this is seen to be a distinct tuff, but decomposed. It is made up of microlitic 
and glassy fragments in which the outlines of the feldspars are still to be seen. Some fragments contain fresh augite 
and hornblende grains, and there are also grains of serpentine present. Some of the particles are thoroughly rounded. 

Along Wapanse Creek some of the lake gravel is subangular. Three and a half miles east of Meadow Valley post 
office, on a branch of Slate Creek, at an altitude of over 4,000 feet above sea, is some gravel with angular blocks of the 
late doleritic basalt like that capping Clermont Hill. [Some of these gravels were formerly mined. The camp was 
probably the one called Himgarian Hill. — W. L.] Four miles southeast of Meadow Valley post office, on the ridge 
west of Deer Creek, is some Pleistocene gravel, reaching an altitude of 4,700 feet, and a gravel area west of the South 
Fork of Rock Creek attains an altitude of 4,500 feet. There are also gravel beds that have been mined by the hydraulic 
method on the ridges east and west of Whitlock Ravine. [These mines were known as Badger Hill and Shores Hill. 
The gravels may represent portions of a deposit formed at a former outlet of the Meadow Valley Pleistocene lake. — ^W. L.] 
These gravels are like those at Gopher Hill. There is little doubt that all of these isolated gravel patches were originally 
connected with the large Meadow Valley area of lake gravel, although some of them may have been formed by Pleisto- 
cene streams draining into the lake, and some of them may have attained their present altitude by displacement sub- 
sequent to the lake period. The rocky barrier between Meadow Valley and the American Valley has been cut through 
by Spanish Creek in late Pleistocene time, and thus the lake was drained. 

The production of placer gold for 1909 in the northeast corner of the quadrangle was dis- 
tributed about as follows: Belden, $1,900; Bucks, $2,800; Meadow Valley, $2,100. 

SOUTHEASTERN PART OF THE BID WELL. BAR QUADRANGLE. 

Little definite information is available regarding the Neocene gravels on Mooreville Ridge 
and on the parallel ridges to the north. They are not extensive, nor do they seem to have 
been very rich, and their connection with Imown channel systems is very doubtful. Turner ^ says : 

The Dodson gravel mine lies about 3} miles northwesterly from Strawberry Valley, at the south border of the 
basalt flow that caps the Mooreville Ridge. Thb gravel is from 30 to 100 feet thick, and is largely coarse, but there is 
fine material in places. The pebbles are of granite, andesite, basalt, quartz, and metamorphic rocks. They vary in 
size from small pebbles to large bowlders, all well waterwom. A considerable amotmt of finely preserved silicified 
wood is fotmd here. Prof. Knowlton determined this as being coniferous wood {Araucarioxylon). The basalt capping 
the mine is from 15 to 30 feet thick and shows a colunmar structure in places. Some of the basalt pebbles contain 
crystals of chabazite in cavities. The bedrock is granite. Ludlam's hydraulic mine is, without much doubt, on the 
same channel as the Dodson. It lies on the north edge of the basalt of the Mooreville Ridge, about 4 miles a little west 
of north from Strawberry Valley. It differs in no essential particulars from the Dodson mine. The bedrock is granite. 
The gravel attains a thickness of about 90 feet and the basalt capping a thickness of about 150 feet. The lower gravel 
is chiefly made up of the older sedimentary and associated igneous rocks of the Auriferous slate series, and the upper 
part of Tertiary lavas. Fine silicified wood occurs here also. There is gravel on the Mooreville Ridge 2 miles north- 
east of Ludlam's mine. Under the basalt of Kanaka Peak there are well - rounded pebbles of the kind noted at the 
Dodson mine. At Walker Plain there are gravel beds under the basalt. The gravel of this channel at the Buckeye 
House is much like that at Kanaka Peak and the Dodson mine, so far as examined. While it is not probable that all 
of the gravel deposits under the older basalt belong to the same period, most of them are similar in containing some 
pebbles of Tertiary volcanic rocks and of the older rocks of the auriferous slate series and without doubt were formed 

by rivers of later age than those of the white quartz gravel period. 

«♦*♦«♦*#* 

At the point called Clipper Mill, on the road to Strawberry Valley, is a long streak of Neocene river gravel about 
600 feet wide. The pebbles are chiefly of the older siliceous rocks. There is no volcanic material associated with this 
area. At the west end of the andesite breccia area, or about 1} miles east of Clipper Mill, is a small deposit of gravel 

» Op. clt., pp. 5G2, 564. 
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known as the Pratt drift mine. About 1^ miles north of Clipper Mill is the Gentle Anna gravel mine. The tunnel had 
evidently cut the olivine basalt that caps the deposit before it struck the gravel, which is half rounded and does not 
appear to represent a large channel. 

The Clipper mine gravel, which lies in a sag a few hundred feet in depth on the sununit of 
the ridge north of the North Yuba, at an elevation of about 3,500 feet, had some connection 
with the small body of partly volcanic gravel which is preserved at Pittsburg Hill, on the point 
south of the river and at a similar elevation. A small hydraulic mine was worked at the latter 
locality. 

The gravels of the Sweetoil diggings, at the head of Dogwood Creek, were probably in some 
way connected with those of Little Grass Valley and La Porte. The bedrock elevation is about 
4,600 feet, and the narrow trough filled with gravel is covered by some basalt, and above tliis 
several hundred feet of andesitic breccia. 

The great La Porte channel, practicall}^ the West Fork of the Neocene North Yuba (fig. 8, 
p. 108) traverses the southeast corner of this quadrangle. The main channel comes down from 
the Poverty Hill inlet of Scales diggings and reappears at the Rock Creek outlet, continuing thence 
to Union HiU, Fairplay, Council Hill, Brandy City, Lidian Hill, and Depot Hill (in the Smarts- 
ville quadrangle). The small gravel patch at American House probably represents a small 
tributary lying in a sag 800 feet above Slate Creek. The old valley is still shown by the bed- 
rock rising several hundred feet on the east and west of the gravel. The deposit ig of little 
importance. On the divide between Slate Creek and Canyon Creek, at Poverty Hill, a large curve 
of the Neocene channel is preserved and has been extensively hydraulicked. Considerable 
amounts of drifting ground probably remain. The channel was a well-defined trough about 500 
feet deep and from 1 to 2 miles wide. The upstream continuation of this important channel 
toward La Porte is described in the chapter on the Downieville quadrangle (pp. 102-113). The 
deepest trough is filled with 10 to 30 feet of strongly auriferous and in places cemented **blue'' 
gravel with large bowlders of quartz and slate. Above tliis lies a wide body of fine quartz gravel 
up to 120 feet in thickness. Above this gravel rests a stratum of soft volcanic ash or tuff, 
which again is capped by several hundred feet of the ordinary andesitic tuff-breccia.* Most of 
the gold is naturally concentrated on the bedrock. 

In 1906 and 1907 the gravels of Poverty Hill were prospected with a view to drifting opera- 
tions. The deep channel is about 150 feet wide. The gravel is only a few feet thick and along 
the rims thins out to less than 2 feet. It is covered by sand. The gold, which is moderately 
fine, is distributed through a thickness of 5 or 6 feet and the gravels are said to average $2 to 
the cubic yard. The lowest 2 feet of gravel contains most of the gold, but the upper part also 
yields a considerable amount. The distances and grades of the channel between Camptonville, 

in the Smartsville quadrangle, and Poverty Hill are shown below. 

« 

Distances and grades of the La Porte channel from Camptonville to Poverty Hill. 
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o Chiefly from Whitney's "Auriferous gravels;" determined by Pettee. 



The average grade is about 100 feet to the mile. It is not believed that faulting has greatly 
influenced these figures. Small faults were noted at Brandy City by Pettee. 



1 Whitney, J. D., Auriferous gravels, pp. 454, 460. Description by Pettee. 
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Large hydraulic operations were carried on at the isolated deposit at Brandy City and at 
the large body of gravels at Scales until the opposition to this kind of mining stopped work 
about 1891. 

The following notes on the Brandy Gty hydrauUc mine are taken from an article by G. F, 
Taylor/ the superintendent: 

The Brandy City property covereall of the channel between Canyon Creek on the north and Cherokee Creek on the 
south for a length of about 2 miles. 

These deposits were first discovered and worked in the early fifties by the methods then in vogue. Water could only 
be had in limited quantities and the local supply was soon controlled by a few persons who sold it at high rates. Then 
the Hooeier flume, 9^ miles long, was built from Canyon Creek and water sold for 25 cents per miner's inch. Work was 
carried on imder great disadvantages until the Brandy City Mining Co. obtained control of the water rights and most of 
the claims. 

The channel has a width of pay gravel varying from 300 to 700 feet, and there are about 10,000,000 cubic yards yet 
to be mined. The bulk of this lies at the northern end of the claims. The gravel here has a thickness of about 150 
feet, with an overburden of 60 feet of cement lava (andesite breccia). The gravel to the depth of 130 feet is composed 
of small quartz pebbles ranging in size from walnuts to 3-inch pebbles. The lower 20 feet consists of cobbles and 
bowldere of quartz, granite, and other rocks up to 2 feet in diameter, mixed with finer material. The whole of this 
bottom stratum is so tight and compact as to require blasting to loosen it for washing. The bedrock is slate. Aside 
from the overlying lava ash, the whole deposit is pay gravel carrying near the surface about 10 cents in gold per cubic 
yard, and near the bedrock as high as $2.50 per cubic yard. In the spring of 1909 about 30,000 cubic yards of the upper 
part of the gravel was hydraulicked and 10 cents per cubic yard recovered. This gravel came from the east rim of the 
channel, 60 feet above bedrock. The general average of the gravel is estimated, from the old records, as 25 cents per 
cubic yard. 

The Brandy City Mining Co. owns the entire water supply of Cherokee and Canyon creeks. Two ditches bring 
water from Cherokee Creek to the mine. One ditch is 5 miles long and has a capacity of 800 miner's inches; the other 
3^ miles long, with a capacity of 500 miner's inches. The Canyon Creek water is brought to the mine by means of a 
flume and ditch about 9 miles long, with a capacity of 2,000 miner's inches. 

As the company is operating in a field under the supervision of the United States Debris Conmiission, storage for 
the debris or tailings from the hydraulic operations must be provided. In this case there are old hydraulic pits which 
make admirable storage reservoira for the detritus. These pits with the dams across their outlets provide storage for 
6,000,000 cubic yards. As these pits contain no natural streams, they require but inexpensive dams to hold back the 
tailings. 

The mine is provided with an electric plant, and during the coming season it is expected that at least 2,000 cubic 
yards of gravel per day of 24 hours will be washed. The flume to carry the tailings into the Amott pit is 900 feet long, 
with a grade of 4 inches in 12 feet. It is 4 feet wide and 4 feet deep. The Boyce pit will be utilized later. The flume 
to convey the tailings to this pit is 6,000 feet long, 4 by 4 feet, with a grade of 2J inches in 12 feet. 

The cost of mining 500,000 cubic yards of gravel per year is estimated as follows: Labor, 40 men, 9 months, $32,400; 
labor, 10 men, 3 months, $2,600; engineering and superintendent, $3,000; powder, $8,000; raising and maintaining 
debris dams, $2,000; coal, tools, and incidentals, $2,000; total, $50,000. 



1 Eng. and Min. Jour., June 4, 1910, p. 1152. 



CHAPTER 7. THE DOWNIEVH^LE QUADRANGLE. 

GENERAL GEOLOGY, 

As mapped by Turner, the principal geologic features of the Downieville quadrangle are 
as follows: 

The Calaveras formation (Carboniferous) occupies the larger part of the western half of the 
quadrangle and is characterized by clay slates of steep dip and northwesterly or northerly trend. 
The sedimentary rocks of tliis formation are intruded by a complex dike of gabbro, peridotite, 
and Serpentine, which is several miles wide in some places and extends along most of the west 
margin of the quadrangle, crossing into the Bidwell Bar quadrangle a short distance southwest 
of Quincy. South of the Downieville quadrangle it traverses the whole of the Colfax and part 
of the Placerville quadrangle. It is generally known as the Serpentine belt. An important 
area of granitic rock extends into the Downieville quadrangle from the south, but terminates 
south of the North Fork of the Yuba. 

An important and almost continuous belt of old and partly altered augite andesite is inter- 
calated in the slates of the eastern part of the quadrangle, and along it may be found smaller 
areas of highly altered Triassic strata (Milton formation). East of this the granitic rock of 
the higher Sierra begins and occupies almost the whole eastern margin of the quadrangle except 
in the northeast comer, where it is covered with andesite and other Neocene lavas. Smaller 
granitic intrusions exist at Indian Hill and the Scales diggings. A very prominent dikelike 
mass of partly schistose quartz porphyry extends from Sierra City to Johnsville, and a similar 
dike occurs in the Grizzly Mountains. 

The Tertiary andesite tuff at one time probably covered the entire quadrangle except the 
high bedrock ridge extending in a north-northwest direction up toward the Grizzly Mountains and 
Houghs Peak. The remnants of this great lava sheet are found on nearly all the liigh ridges, 
separating the maze of canyons which characterize the southwestern part of the quadrangle. 
The eruptive centers were located near Mount Fillmore, Mount Ingalk, Grizzly Peak, and 
Haskell Peak. 

DISLOCATIONS. 

Neocene dislocations, possibly in part post-Neocene, are numerous in this area. A great 
fault follows Mohawk Valley, the downtlirow on the east side amounting to 2,000 or 3,000 feet. 
Its northerly extension is obscure ; probably one branch continues due north on the east side of 
the Grizzly Mountains, and another branch connects with the dislocations surrounding American 
Valley, which doubtless is to be considered as a **graben," or sunken block. An extension of 
the Dogwood Creek fault line of the Bidwell Bar quadrangle is noted at La Porte, but the throw 
is moderate. Smaller dislocations are common in the region between La Porte and Mount 
Fillmore. 

No evidences of faulting appear along the southern margin of the quadrangle south of 
Downieville. 

GOLD-BEARING AREAS AND PRODUCTION. 

Gold is present in nearly every square mile of the metamorpliic area, but the granitic rocks 
along the eastern margin and the Neocene lavas are practically barren. The central slate area 
and the old augite porphyrite of the Grizzly Mountains are relatively poor in gold. The most 
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extensive mineralization and the richest gold deposits are found along the great serpentine belt ; 
wherever tlus is crossed by the old channels they are almost invariably rich. At the same time 
there is a marked absence of important quartz mines and the gold seems to be contained in 
small veinlets and stringers, chiefly along the contacts of the serpentine belt. A second aurif- 
erous belt of very great value follows the dike of quartz porphyry from a point south of Sierra 
City for 15 or 20 miles northward up to Johnsville. In this belt there are many celebrated 
quartz mines, among wliich may be mentioned the Keystone, Sierra Buttes, Young America, 
Empire, and Plumas Eureka. No Neocene channels cross this belt. 

There is no way of accurately measuring the gold production of this area. Millions on 
millions of dollars worth of gold has been washed from the present river channels aud the Neo- 
cene gravels in the southwestern part of the quadrangle west of a line drawn from Downieville 
toward Quincy. Compared to this yield that of the eastern quartz-mining belt is small, although 
the Plumas Eureka and Sierra Buttes mines have together yielded many million dollars. The 
Sierra Buttes mine alone is said to have produced $15,000,000. 

Some approximation of the gold taken out from the enormously rich Slate Creek basin has 
been attempted by Pettee,* who estimates that the total amount of gold sent from La Porte, the 
principal sliipping point for this region, from 1855 to 1871, was at least $60,000,000. To this a 
liberal amount should be added representing the gold obtained before 1855 from the present 
river beds. Pettee estimates that the annual yield of the Slate Creek basin about 1877 was 
$1,000,000. The closing of the hydrauUc mines about 1885 reduced this amount heavily. 

In 1905 the production of gold reported from the quadrangle to the United States Geo- 
logical Survey was $244,000 from quartz mines and $143,400 from placer mines. The placer 
gold mined in 1905 and 1909 was subdivided approximately as follows, a considerable part of 
it being derived from tailings in the creeks and from surface operations on a small scale: 



Placer gold obtained in Downieville qiLodrangle, 1905 and 2909. 
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La Porte... 
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Nelson Point. 

§s!r 
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Downieville 

Sierra City 

Gibsonville 

Port Wine 

St. Loois and Table Mountain. 
Scales 
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34,000 
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11,000 
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1909. 



I 132,000 

1,000 
3,000 
2,600 
6,500 

17,000 
2,000 

22,200 
1,000 

26,700 
6,800 



110,800 



The lower gravels in the principal channels are apt to be rich, ranging from $2 up to $20 or 
more to the cubic yard. Pettee cites a bank of gravel at La Porte, 250 by 100 feet and 30 feet 
high, that yielded at the rate of $20.87 to the cubic yard. Doubtless most of the gold was 
obtained near the bedrock. 

A large amount of ground suitable for hydraulic work still remains in the western part of the 
Downieville quadrangle^ although it is not much more than the quantity that has already been 
washed. The Army engineers reporting on the dfibris question make the following estimate,* 
to which it is proper to add that much of the gravel remaining is probably of lower grade than 
that alreadv worked. 



1 Whitney, J. D., Auriferous gravels, p. 449. 



s House Ex. Doc. 267, 5lst Cong., 2cl sess., 1891, p. 83. 



112 TEKTIARY GRAVELS OF THE SIERRA NEVADA OF CALIFORNIA. 

through to Rock Creek. The channel of the Bald Mountain Extension mine has been exten- 
sively worked from tunnels that start in on the south slope of the ridge. The Nebraska diggings 
are on the north slope of the ridge, 2{ miles southeast from the Pliocene shaft, in the drainage 
of Jim Crow Ravine. The gravel, which extends imder the andesite breccia, has been mined 
on a large scale. (See chapter on Smartsville quadrangle, pp. 121-132.) 

GRAVELS EAST OP THE NEOCENE DIVIDE. 

In the following paragraphs Turner * describes the remnants of the important stream 
which flowed north from Haskell Peak to a point in the Honey Lake quadrangle, where it 
evidently debouched into the Neocene gulf. 

Commencing on the north we find north of the fortieth parallel (Honey Lake sheet), on the ridge east of Little 
Grizzly Creek, at elevations of from 5,500 to 5,800 feet, three masses of river gravels. South of the fortieth parallel 
(Downieville sheet) the gravel is first seen on two spurs of the Grizzly Mountains about 2^ miles southeast of Tower 
Rock. Two miles farther southeast, at the Cascade gravel mine [PI. XVII, i?, p. 104], the river deposits may again be 
noted, and immediately south of this mine is another gravel area that has not yet been mined. The average [bedrock] 
elevation of all these gravel masses is about 6,000 feet. *  * The thickness of this river deposit is about 325 feet. 
There are large granite bowlders in the gravel, which presumably came from the granite area immediately to the south. 
The bedrock of the mine is the auriferous slate series. »  * The occurrence of the granite bowlders to the north 
of their source, although but a short distance, may be regarded as evidence that the river drained to the north. Car- 
bonized and blackened wood occurs in the gravel at the Cascade mine. 

The two bodies of gravel last noted lie on the edge of the large area of andeeitic breccia that forms the upper 
portion of the southern part of the Grizzly Mountains. There is little doubt that the channel extends under the lava 
and reappears on the south border of the area on the spur north of Little Long Valley Creek, where the elevation of the 
gravel is from 5,600 to 6,000 feet. The large area at the south end of this spur has been hydraulicked. Going south 
the gravel of this ancient river is next to be seen about Lava Peak, and then on the spur south of Long Valley Creek, 
some of the gravel at the latter locality having an elevation of only 5,000 feet. At the north end of the Mohawk Lake 
beds is an area of well-rounded gravels, composed of pebbles of the pre-Cretaceous rocks. This deposit rests, where 
surely in place, on the auriferous slate series. The low altitude (about 4,500 feet), of a portion of this gravel at the 
moudi of Cedar Creek is probably due to landslides, for where it is certainly in place on the ridge south of Cedar Creek 
the maximum elevation is 5,500 feet, extending down the ridge slope (easterly) to near the 5,000-foot contour. A 
tunnel by the Feather River at the mouth of Cedar Creek has been run in to strike this gravel channel, but if landslides 
have occurred here, it is evident that the tunnel is much too low (4,400 feet). The tunnel, according to a miner at 
work there, was 1,800 feet long in 1890 and was in hard lava all the way. The hard lava referred to is the andesitic 
breccia that forms the bed and walls of the river in this vicinity. A shaft was sunk on the hilltop 500 feet above and 
east of the tunnel's mouth. It is said that this shaft was in gravel for its entire depth, or 375 feet. As indicated above, 
however, all of the gravel below the 5,000-foot contour is believed to be out of place. This down thrown material is, 
however, not all gravel. There is some andesitic breccia mixed with it. Numerous rhyolite bowlders and pebbles 
indicate an area of that rock in the vicinity, now eroded or covered over. The presence of these rhyolite pebbles 
would seem to indicate that a portion of this gravel is of later age than that of the Haskell Peak channel, which is 
capped with rhyolite. 

So far as could be made out, the Cedar Creek river gravel is in immediate contact on the south with the Pleistocene 
Mohawk Lake beds. The deposits of the old river channel just described, extending from north of the fortieth parallel 
near Little Grizzly Creek to the north end of the Mohawk Lake beds, are similar in being made up of gravel and coarse 
sand, with very little fine sediment. This may be taken as evidence that this river bed had a higher grade than those 
of the southwesterly system of the western half of the Downieville area. 

The next gravel area to the east of the high Sierra Buttes is on the steep granite slope south of Mohawk 
Valley, where it has an elevation of 7,000 or more feet. A large portion of this gravel mass has, however, gravitated 
down the slope, and some of it lies at an elevation of only 6,600 feet. Overlying the gravel is rhyolite. This channel 
is next exposed on the rhyolite-capped spur li miles north of Haskell Peak, where there is a layer of fine loose sediment 
overlying the gravel. *  * Among the pebbles in this deposit are many which appear to have been derived 
from the old tu£fs of the Milton formation [(Triassic or Jurassic), exposed in the southeast comer of the Downieville 
quadrangle]. * * * 

The next gravel bed to be described, that at Chips Hill, may be part of the same channel, for there the bedrock 
is the Milton series. 

Chips Hill is on the south slope of the high ridge north of the South Fork of the North Fork of the Yuba River, 
3 miles northeasterly from Sierra City. The elevation of the bedrock is about 6,500 feet. Rhyolite overlies the gravel 
and is in turn covered with andesitic breccia. Just east of the Chips Hill gravel is a prominent south spur of the main 
ridge, and on the east side of this spur is another body of gravel at the edge of a narrow area of rhyolite, and this gravel 
may be connected under the ridge with the Chips Hill gravel. This eastern maj3s of gravel has a granite bedrock. 

» Turner, H. W., Further contributions to the geology of the Sierra Nevada: Seventeenth Ann. Rept. U. S. Oeol. Survey, pt. 1, 1896, pp. 610-612. 
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Bedrock in foregiound. After photograph by Waldemar Lindgren. See page 1( 



B. CASCADE DRIFT MINE, PLUMAS COUNTY. 

Showing lowest gravels of Jura River. See page 112. 
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About the headwaters of Slate and Canyon creeks important volcanic eruptions of andesite, 
andesitic tuff, and basalt took place. The observer finds many places where masses of basalt 
have been intruded in the gravels, and several examples are cited by Turner and Pettee. An 
exceUent illustration of this is furnished by a hydraulic bank at Port Wine, a photograph of 
which is reproduced in Plate XVII, A, It shows an irregular sheet of basalt which has been 
injected in the fine quartz gravel some 20 or 30 feet above the bedrock. 

Gravels composed almost wholly of volcanic pebbles and representing the latest fluviatile 
deposits of the Neocene epoch are found in smaller amounts at several places, as the Scales 
diggings, La Porte, BeUs Bar, Spring Garden Ravine, and the American Valley. But these 
can not readily be connected with definite liver channels, and most of them are poor in gold. 

MAIN CHANNEL. FROM HEPSIDAM TO SCALES. 

In the description of the Bidwell Bar quadrangle (p. 100) the main channel is traced from 
Poverty Hill at Scales down to Camptonville, with an average grade of 100 feet to the mile, 
the smallest grade, 60 feet to the mile, being recorded from Poverty Hill to the Rock Creek 
outlet at Scales, where the channel has a general southerly direction and is filled with quartz 
gravel to a depth of 120 feet. A probable distance of 4 xniles along Slate Creek carries it up to 
the Secret diggings, a small patch remaining on the northwest side of Slate Creek with the rim 
rising steeply behind it. A distance of about a mile carries it up from this place to the lower 
end of the La Porte diggings, which have a north-northwesterly direction and are 1^ miles 
long, the bedrock having been uncovered for the whole of that distance. 

From La Porte to Hepsidam the channel is deeply covered by andesitic tuff and clays, 
the total distance being about 10 miles. The greatest tliickness of the volcanic covering is 
800 feet. Much mining has been done on this ridge, stimulated by the known richness of the 
channel. The bedrock is mainly amphibolite, with some serpentine between Gibsonville and 
Hepsidam and a narrow belt of clay slate at La Porte. 

At the Dutch diggings, at the northwest end of the La Porte gravel area, the main channel, 
as exposed, is about 500 feet wide with sharply rising rims. On the southwest side the amphibo- 
lite rim rises several hundred feet probably without being influenced by faulting. The north- 
east rim also rises sharply, as shown by the fact that bedrock appears on the main ridge along 
the road northeast and southeast of Bald Mountain, several hundred feet above the diggings, 
in spite of the fact that, as shown below, the channel has suffered a downthrow between these 
exposures and the Dutch diggings. The banks show 80 feet of almost clean quartz gravel 
even next to the bedrock there are few cobbles over 6 inches in diameter. Above the gravel 
lie 50 feet of sands and clays, the latter partly carbonaceous, rather evenly stratified, and 
conformable upon the gravels. Above the clays is the heavy cap of andesitic tuff. The gold 
was practically on the bedrock or in the gravel within 2 feet of it. What gold is contained in 
the upper gravel is fine and flaky. The Halsey bore hole, 2 miles north of La Porte, is evidently 
in the channel and shows the following section : 

Log of Halsey hare hole near La Porte. 

Feet. 

Surface lava 26 

Hard gray lava 119 

Clay....f 10 

Black lava 120 

Volcanic sand 2 

Lava 39 

Quartz gravel 8 

Quartz gravel 90 

Gravel and clay 14 

Gravel 2 

Gravel and clay 10 

Quartz gravel 5 

Bedrock. 
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The gravels here are 129 feet thick. Near the Clay Bank tunnel, half a mile southeast of 
La Porte and probably at the rim, there was only 14 feet of gravel, covered by 167 feet of clay. 
Above this clay lies in places a heavy body of gravel with many pebbles of andesite and basalt, 
representing a later intervolcanic channel. In this region, however, these intervolcanic chan- 
nels did not have time to cut down to bedrock, as on the Forest Hill divide and at many other 
points to the south, and the gravels are barren. 

Up toward the Thistle shaft the clays increase in thickness to 300 and even 400 feet; to a 
large extent they are undoubtedly volcanic mud. Five bore holes sunk by the Feather Fork 
Gold Gravel Co. in 1899 and 1900 showed the following sections: 



SeciioTis of bore holes of Feather Fork Gold Gravel Co. 



Vo. 1. July, 1899, 100 feet Yertloally above collar of Thlitle shaft. 

Feet. 



Lava 100 

Clay, upper portions mixed with lava 95 

Pure pipe clay 5 

Small white quartz gravel 2 

Sand, email and rough, mixed with clay 8 

Pipeclay 180 

Pipe clay and sediment 10 

Clay sediment and bed rock 15 



Ho. 9, Aufiist, 1899 



415 



190 



Lava 

Pipeclay 169 

Quartz sand 12 

Pipeclay 279 

Bedrock, soft at first, then hard 50 



700 



Ho. 8, at Ttalitle ihaft. 



Pipe clay with streaks of quartz sand 380 

Fine gravel 18 

Pipe clay 11 

Gravel, fine at first, gradually becoming coarser, until 
regular bowlders were struck; last 20 feet solid 

bowlders (6 to 21 inches) 63 

Bedrock 5 



478 



Ho. S (f ). 

Feet 

Lava 130 

Pipe clay 42 

Blue sand 37 

Pipe clay 141 

Blue quartz sand 36 

Clay sand with much wood 61 

White quartz gravel and sand 14 

Pipe clay 5 

Quartz sand 4 

Tough pipe clay 80 

Quicksand, coarse sand, and gravel 25 

575 

Great abundance of charred wood. Enormous flow of 
water in last 25 feet. Hole stopped owing to impossibility 
of driving casing any farther. 

Ho. 4 O), Jnly. 1900. Feot. 

Lava 72 

Pipeclay 218 

Quartz sand mixed with pipe clay 10 

Pipeclay 80 

Charred wood 6 

Pipeclay 134 

Quartz sand, gravel, and bowlders; heavy bowlders 

near bottom 70 

Bedrock 10 



600 



Similar conditions prevail between Gibsonville and Hepsidam. At the Thistle shaft, 5 
miles above La Porte, the channel was 1,500 feet wide, with sharply rising rim, the east side 
being especially steep. At the Niagara mine, at Hepsidam, the channel was 800 feet wide 
between rims; of this a width of 500 or 600 feet was drifted. The gold on the bedrock was 
coarse, but the upper gravels in places contained pay. The tenor of much of the drifted ground 
was S3 a cubic yard. 

This great channel has been mined almost continuously from Gibsonville to Hepsidam by 
means of tunnels. Between Hepsidam and Bunker Hill, a distance of about a mile, the Niagara 
Consolidated Co. has mined it by drifting operations extending from 1875 to about 1895. 
Near Bunker Hill the channel emerges, overlooking the Feather Canyon, and its continuation 
has been destroyed by erosion. South of Gibsonville the Feather Fork Gold Gravel Co. has 
mined it successfully from the Thistle shaft for a mile upward, the channel having been pumped 
dry at great expense. In 1901 a tunnel was completed a few miles farther down, about 2 miles 
northeast of La Porte, and the channel which had previously been approximately located by 
bore holes was mined with good success for some distance upstream. Lately, however, it is 



DOWNIEVILLE QUADRANGLE. 107 

reported that the channel was found to widen out to such an extent as to considerably lower 
the tenor of the gravel breasted. 

A study of the grades of this channel develops many points of the greatest interest. As 
shown above, the grade from Poverty Hill up to La Porte was fairly even and averaged 100 
feet to the mile. Above La Porte evidences of very serious disturbances are present on every 
hand. A fault zone which is at least 1 mile in width and which has a general northwest direc- 
tion crosses the channel at La Porte, the total downthrow on the northeast side being probably 
520 feet. The presence of faulting was recognized by both Pettee and Turner, although the 
full extent of the dislocation was scarcely reaUzed. The first fault is seen in the exposed bed- 
rock in the upper end of the La Porte diggings; the downthrow on the east side is 55 feet, and 
the gravel beds are bent over the fault scarp, which is nearly perpendicular. Further evidence 
is seen at the Spanish diggings, a detached body of gravel three-quarters of a mile southeast of 
La Porte, which is abnormally depressed 200 feet below the level of the old channel. The 
general direction of the channel was at this point parallel to that of the fault lines, and several 
slices have evidently been cut off and differentially dropped or elevated. TKe downthrow is 
200 feet to the northeast, but there are at least two benches at intermediate elevations and a 
higher ridge or "horse'' of slate separating the area of greater downthrow from that of smaller 
downthrow in the La Porte diggings. The Clay Bank tunnel has been driven for nearly 3,000 
feet in a north-northwest direction to open a supposed channel in this vicinity. The elevation 
of its portal is about 4,800 feet. No gravels of value had been found in 1901, and it is indeed 
probable that only a fragment of the northeast rim, cut off by a fault, exists here. Possibly if 
the tunnel were continued several thousand feet farther it might encounter the other down- 
thrown portion of the channel, as described in the following paragraph: 

From the upper end of the La Porte gravel area, at the Dutch diggings, the channel was 
drifted northwestward for 500 feet, but at that point the gravel was cut off by a ^'wair' of 
*4ava," which probably means andesitic tuff. These relations would suggest that a down- 
throw of the northeast side of at least 130 feet had been encountered, this being the distance 
from bedrock to volcanic covering at this point. There is little doubt that this is the continu- 
ation of the same fault zone which depressed the vicinity of the Spanish diggings at the southeast 
end of the gravel area. 

The channel has next been traced at the Halsey bore hole, about 2 miles north of La Porte, 
in a gulch draining into Little Grass Valley at an elevation of 5,370 feet. The section (p. 105) 
indicates that the boring has penetrated into the deepest part of the channel; the bedrock 
elevation is 4,938 feet, or 118 feet below that at the Dutch diggings, about a mile distant. 

About a mile farther up the ridge, in an east-northeast direction, the Feather Fork 
Gold Gravel Co. has opened the channel by a long tunnel, the elevation of which was determined 
on information derived from borings. The elevatioif of the bedrock here is 4,780 feet or 158 
feet lower than at the Halsey bore hole. The channel has been successfully drifted for some 
distance upstream to a point where it widened out greatly, this spreading being accompanied 
by a lowering of the tenor of the gravel. 

Two miles farther up the ridge in a northeast direction is the Thistle shaft, which was 
sunk some 20 years ago by the same company. The deepest bedrock at the shaft has an 
elevation of 5,030 feet, or almost exactly the same as at the Dutch diggings. From this point 
the channel has been mined upstream for some distance and proved very rich. The grade 
for a mile from the shaft, up to the line of the adjoining property, was 200 feet, the channel 
being reported as normal. 

From this point up to Hepsidam the channel is easily accessible by tunnels, and has been 
almost continuously mined, the grade being throughout about 200 feet to the mile. 

The property of the Niagara Consolidated Mining Co. is located 2 miles above Gibsonville, 
at the head of the North Fork of Slate Creek, and extends across the lava-capped ridge for 
about a mile in a northeast direction; the channel has been mined continuously underneath 
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Loyalton, the temperature of the water is 80° F. Samples procured by H. C. Hoover indicate 
that the "blue clay'' is probably an andesitic tuff. 

It is likely that Sierra Valley has remained a lake from the close of the Pliocene to the 
latest Quaternary and that its basin contains underneath a thin covering of Quaternary gravels, 
deep accumulations of andesite tuffs of the same age as the andesites in the rest of the quad- 
rangle. 

It is clear that the lake has never stood at a much higher level than 5,000 feet. Had it 
been 200 feet higher at any time, an outlet to the Great Basin through Beckwith Pass would 
have been established. 

STRUCTURAIi FEATURES. 

So far as known, there is no evidence of postandesitic faulting within this quadrangle, 
unless it should prove, on closer examination, that the late movement near Honey Lake extended 
to the latitude of Adams Peak. There are several preandesitic fault scarps, but they have been 
so extensively covered by andesite that they do not form conspicuous topographic features. 

The first escarpment, continued from the fault line inmiediately west of Lake Tahoe, 
appears in the southwest comer 3 miles from Sierra ville and within a short distance enters the 
Downieville quadrangle, forming there the conspicuous Mohawk VaUey fault, along which 
postandesitic movement has taken place. The escarpment near Sierraville has been deeply 
cut into by erosion and has now a height of about 2,000 feet. Along the southern edge heavy 
andesitic flows have completely covered this slope and there is no indication of dislocations in 
this andesite. 

The fault line following the eastern shore of Lake Tahoe enters the quadrangle in the south- 
east corner, but is almost immediately so heavily covered by andesite that its continuation is 
uncertain. It probably dies out before the northern part of the quadrangle is reached. 

The main eastern fault line, continuing from the Carson and Truckee quadrangles, enters 
at the southeast corner of the quadrangle and is no doubt continuous in a northerly direction 
along the entire eastern boundary. Though partly covered by andesitic flows it presents 
when viewed from a distance a fairly even slope about 2,000 feet high. At Beckwith Pass it 
sinks to a height of about 1,000 feet. Farther north the scarp is very much higher and attains 
north of Adams Peak heights of 3,500 feet. It is not entirely straight, for at Adams Peak a 
salient projects several miles to the east, like the similar salient at Carson, about 50 miles farther 
south. The escarpment is entirely of granite and faces some low desert ranges across an inter- 
vening valley, which lies at elevations of 4,500 to 5,000 feet and is a few miles wide. 

Sierra Valley would seem to offer an excellent opportunity of testing whether any very 
recent, late Quaternary deformation has taken place witliin this block of the Sierra. If tilting 
has taken place, the movement has been slight. A close observer, however, can not fail to be im- 
pressed by the marshy character of the valley near the west side, in contrast to the decidedly 
higher and dryer east side. It is believed that since the draining of the lake the surface has 
Buffered a slight westward tilt. 

Tertiary lake beds of doubtful age are exposed at a number of places along the railroad, 
which follows Long Valley in front of the main eastern escarpment. The beds are clayey and 
sandy, none being tuffaceous, and dip at angles of 20° to 30°. 

MINERAL. DEPOSITS. 

No placers or quartz mines are known in this quadrangle. In the andesite east and south- 
east of Sierraville there are some areas in which thermal decomposition has developed. 



CHAPTER 10. THE MARYSVHXE QUADRANGLE. 

MARYSVILIiE BUTTES. 
OBIGIN AND PRESENT FOBM. 

The Marysville Buttes are the remnants of an extinct volcano of probably late Neocene 
age the internal structure of which is to a certain extent laid bare by erosion. In any view 
from a distance two distinct features of the mountain group are always noted — the peripheral 
slopes, reaching up to 600 or 700 feet in a long, gentle curve, and the abrupt and jagged interior 
peaks and domes. It is probable that when the volcano was in active eruption it formed one 
great cone, and that its original form can be reconstructed with considerable accuracy by 
carrying up the curves of the lower slopes, with gradually increased decUvity, until they cul- 
minate in a summit high above the present peaks. The drainage is radial, the creeks and 
ravines originating in the central mass and flowing thence north, east, south, and west. 

There are three divisions of the buttes, which are topographically and geologically distinct. 
They are the peripheral tuflF ring, the interior ring of upturned sedimentary rocks, and the 
central core of igneous rocks. 

THE TUFF BING. 

The first subdivision corresponds to the gentle slopes mentioned above and is made up of a 
successive series of beds of mud lava poured out from the vents of the volcano. In its typical 
development this mud lava consists of gray or brownish-gray finely ground detritus in which 
lie embedded angular fragments of andesite or, more rarely, rhyolite of all sizes. Very com- 
monly, however, there is more or less sedimentary material — clay, sand, or gravel — mixed with 
these mud lavas, or tuffaceous breccias, as they might be called. The abundance of this sedi- 
mentary material is explained by the loose character of the beds through which the eruptive 
masses must have forced their way. These mud lavas show a close analogy with similar enor- 
mous masses largely covering the flank of the Sierra Nevada. They were probably poured out 
as a semifluid, hot mud, and were only to a less extent the result of ash showers. Narrow gulches 
or defiles have been cut through this ring of mud flows, leading from crater-like valleys with level 
bottoms, many of which are of roughly circular shape and surrounded by steep walls of tuff or 
massive andesite. 

The tuff slopes emerge from the Quaternary of the Great Valley at an elevation of about 
150 feet, but scattered well- washed pebbles of quartzose, metamorphic, volcanic, and Neocene 
rocks occur up to an elevation of 300 or 400 feet, or to about the height reached by the Pleis- 
tocene lake or river sediments on the flank of the Sierra. No indications of terraces or shore 
Unes are, however, visible; they are also absent on the Sierra Nevada side. • 

THE TTPTT7BNED SEDIMENTS. 

Between the exterior mud flows and the massive core, and strongly contrasting with them, 

there occur a series of smooth, rounded hills, forming an interrupted ring a mile or less in widthi 

These hills are not of volcanic origin, but consist of a series of sandstones (usually soft), white 

or dark clays, and gravelly beds. As a rule they dip away from the central core, and where 

near it stand at high angles, locally vertical. At the intermediate contact with the massive 

volcanic rocks these sediments are usually hardened. No volcanic detritus of the same rocks 

of which the buttes are made up is found in them, and it may be regarded as certain that they 

were laid down before the period of volcanic activity. 

119 



120 TEBTTABY QBAVEL8 OF THE 8IEBBA NEVADA OF CAUFOBNIA. 

The oldest of these formations belongs to the Tejon formation (Eocene); it has thus far 
been identified only in the sedimentary area northeast of the village of West Butte. Here it is 
composed of greenish sandstones and shales, adjoining the volcanic masses and dipping at high 
angles east or west. A thickness of several hundred feet of sediments is exposed. Some of the 
beds contain abundant marine fossils, characteristic of the Tejon, among which a small coral 
( TrochosmUia striata Gabb) is most abundant. Cardita planicoata, a form eminently charac- 
teristic of the Tejon, is also found. 

Overlying these beds are light-colored soft sandstones and clays, dipping about 20® W., 
which have been referred to the lone formation (Miocene). The other sedimentary areas 
consist largely, if not entirely, of these soft, light-colored beds. Near the tuffs they dip 15® to 
20® S.; near the central volcanic mass they usually stand almost vertical. In many places 
the beds are greatly disturbed and dip in various directions within short distances. In the clays 
of these areas, in carbonaceous strata, impressions of leaves were collected. Marine fossils 
were found about 2 miles east of the South Butte and 2^ miles north-northwest of the South 
Butte. The fossils, while not abundant, point to a Miocene- age. These beds are believed to be 
the exact equivalent of the lone formation exposed along the foothills of the Sierra Nevada. 
Their aggregate thickness is very considerable, 1,000 feet being a fair minimum estimate. 

The following fossils were identified by Messrs. Steams and Dall: 



Craasatella collina Conrad. 
Venericardia borealis Conrad. 
Verticardia? sp. 
Acila castrensia Hinds. 
Liocardiuin apicinum Carpenter. 
Fuflus (Exilia) sp. 



Macoma sp. 
Tapes (Cuneus) sp. 
Saxidomis sp. 
Cardium modestum. 
Galerus ^p. 



THE CENTRAL COBE. 



The central mass of the buttes consists principally of massive volcanic rocks, mixed with 
some breccias of the same materials. Most prominent, and occupying the largest area, are 
rough and jagged peaks and ridges of dark color, showing many beautiful columnar and laminated 
structures. They are made up of normal hornblende-mica andesite of very rough, trachytic 
appearance. Both the North Butte and the South Butte are formed of tliis material. Between 
these rough ridges are some smoother hills, consisting of mixed andesite and andesite breccia, 
with some rhyolite. 

The eruptions took the form of large masses or necks, forced upward through the loose 
sediments. The mass and the energy of the ascending lavas were so great that the surrounding 
sediments were uplifted more than 1,000 feet and bent upward on all sides of the necks. It 
is probable that the ascending lavas were very viscid and comparatively cool, so that in some 
measure they acted as a plastic solid mass. The surrounding sediments, of which now a large 
part is probably erroded, prevented them from breaking out and forming lava flows. 

The time at which the volcano was active can be fixed at the close of the Pliocene, or at the 
beginning of the Quaternary. It was probably a little later than the eruptions in the Sierra 
Nevada. 

OOLD-BEABING GBAVELS. 

Among the Neocene beds of the Marysville Buttes there are gravels of varying degrees of 
coarseness, some of the pebbles being 5 inches or more in diameter. The pebbles are well 
washed and consist of quartz, siliceous sedimentary rock, diabase, granite, and serpentine. All 
of this gravel, as well as the parts of the volcanic mud flows that contain a considerable mixture 
of gravel, are slightly auriferous, and many of the gulches and ravines in such areas have been 
washed during the wet season with some profit. The gold is well rounded and, as a rule, mod- 
erately fine. A few exceptionally large pieces, up to a value of $5, are reported to have been 
found. In some places these deposits might be profitably washed by the hydrauhc process if 
it were possible to obtain sufficient water. 

These coarse auriferous gravels are certainly a most interesting feature, occurring so far 
from their source in the Sierra Nevada. There are no indications of quartz veins in the buttes. 



CHAPTER 11. THE SMARTSVILLE QUADRANGLE 

GENERAXi GEOLOGY. 

Igneous rocks of the *' Bedrock series*' prevail in the Smartsville quadrangle, which reaches 
from the Sacramento Valley up to the region of the upper foothills — that is, to elevations of 
about 3,000 feet. Late Jurassic igneous rocks of basic character, variously classed as diabase, 
augite porphyrite, porphyrite tuffs, and where more altered as amphibolites, occupy the 
largest areas. In speaking of them collectively the name ''greenstone" is most convenient. 
They include some narrow strips of the Calaveras formation (Carboniferous) and possibly 
also of the Mariposa formation. Lai^e intrusions Of coarsely granular rocks have been forced 
into these greenstones and consist of quartz diorites, granodiorites, and gabbrbs, the gabbros 
usually appearing as marginal facies. 

The gravel areas are small, as are the areas covered by andesitic tuffs. The region is, 
however, of special interest because it is traversed by the lower reaches of the great Neocene 
Yuba River. A flow of andesitic tuff followed the river down to the plains and spread out in 
front of the foothills. The lai^er part of the quadrangle has never been covered by Neocene 
volcanic matter. 

No Neocene or post-Neocene dislocations are known to exist within this area. 

GOLD-BEARING AREAS AND PRODUCTION. 

Gold-bearing veinlets and seams are so widely distributed through the ''Bedrock series'' 
that almost every creek has at one time been washed or prospected. The poorest areas are 
those of the central greenstone belt and the whole southern margin of the quadrangle. A 
fairly well-defined belt of stringers and short veins follows the amphibolite belt of the foothills 
from Albin Hill, near Spenceville, to Browns Valley and northward. Rich pocket veins occur 
near Rough and Ready, in Nevada County, and near Hansonville and Indiana Ranch, in Yuba 
County. Other veins of note are found in the upper amphibolite belt from BuUards Bar to 
Grass Valley. By far the most important quartz-mining district is that of Nevada City and 
Grass Valley, which annually yields a couple of million dollars or more. 

The yield from the Neocene gravel mines at Nevada City and along the main Neocene 
river from North Columbia to French Corral has been very large. At present the production 
from this source is almost negligible, and the quadrangle does not contain any reserves of 
great value for future hydraulic or drift work, except at French Corral, Nevada City, Badger 
Hill, and Cherokee. 

In 1908 the principal production was derived from dredging operations on lower Bear and 
Yuba rivers. The small placer mines of Yuba County yielded about $30,600 in gold. From 
Camptonville, French Corral, Nevada City, and Grass Valley drifting and sluicing operations 
yielded about $48,000. In 1909 the hydraulic mines near Camptonville (including Brandy 
City) yielded about $19,500, and the mines at French Corral, Grass Valley, Rough and Ready, 
and Smartsville, $8,000. 
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The Anny engineers ^ estimate the amounts removed and available as follows: 

Hydraulic gravel in basin of Yuba River, 
[Cubic yards.] 



District. 



French Corral 

North San Jnan, etc 

Endlsh Company 

Badger Hill and Cherokee 

Paterson - 

Sweetland, Birchville, etc 

Rough and Ready and Randolph Flat 

Nevada City (Sugar Loaf) 

ICurchie, Mayflower, etc., near Nevada City 

Smartsvllle, Timbuctoo, and Mooney Flat 

SIcard Flat 

Keystone and Redjacket 

Eastern Star and other plaims below Tlmbuctoo. 



Excavated. 



32,500,000 
20,000,000 

7.000,000 
10,000,000 

5,000.000 
60,000.000 

3,000,000 

10,000,000 

500,000 

44,800,000 

1,700,000 
10.000 



Available 
at present. 



10,000.000 
2,000,000 



1,000.000 
1,000,000 
1,150,000 
1,000.000 
5,000,000 
1,600,000 
33.400,000 
600,000 



Ultimately 
available. 



10.000,000 
2,500,000 



33,000.000 
96,000,000 

1,150,000 

1,000.000 
25,000,000 

3,000,000 
50.000.000 

1,000,000 
20.000.000 
10,000,000 



The measurements bv G. K. Gilbert show that the volumes excavated are for the most 
part considerably greater than the figures here given. 

Regarding the amounts available it should be stated that in many places the remaining 
gravels are poor, or, as at Nevada City, capped with so much lava that it would cost a great 
deal to work them, even under most favorable conditions. 

As to the yield of the heavy gravels along the main stream from Smartsville to French 
Corral, few data are available, and most of those which foUow are taken from Whitney's 
"Auriferous gravels." 

The thick gravels from Cherokee to French Corral contain gold throughout; even the top 
gravels at Cherokee are profitable by the hydraulic method and yield 10 to 15 cents a cubic 
yard in fine gold. At American Hill, below North San Juan, the channel has been worked for 
3,000 feet, the width from rim to rim being about 1,000 feet, the thickness averaging 150 feet- 
The gross product from 1860 to 1872 was, according to Whitney,^ $1,241,240. Pettee says 
that the gravel averaged 30 cents to the cubic yard. The lower end of the San Juan Hill 
yielded $157,000 in 1858, the contents averaging 35 cents to the cubic yard. This includes 
the bottom gravel, which is much richer than the top. 

The total yield of the Smartsville diggings up to 1877 is estimated by Pettee to have been 
$13,000,000; the average yield was probably 37 cents a cubic yard. 

EXTENT OF WORKINGS. 

The almost continuous deposits from North San Juan to French Corral have been worked 
throughout their extent, and large parts of these areas are now exhausted; much gravel still 
remains, however, at French Corral. The maximum depth of these gravels is 250 feet. At 
Badger Hill, the outlet of the Big Columbia and North Bloomfield channels, and at Paterson 
extensive hydraulic mining has been carried on. The gravels are here 300 to 400 feet deep, 
and, except at Badger Hill, bedrock has not been exposed in the center of the channel, nor 
have any drifting operations been undertaken, the bottom gravel being considered of too low 
grade. The small gravel areas near Camptonville are almost exhausted, but much gravel still 
remains at Depot Hill, in the northeast comer of the quadrangle. An area of shallow Neocene 
gravel has been worked at New York Flat, and in this the gold appears to be largely derived 
from the adjacent Forbestown quartz veins. At Smartsville and Sicard Flat extensive hydraulic 
mines have been located. At the former hydraulic washing was still being carried on some 10 
years ago, the debris being stored in an old gravel pit. Drift mining is done on the same channel, 
the deposits having been opened from a point near Mooney Flat. 

About 2 miles south of Wyandotte the Neocene shore gravels have been washed by the 
hydrauUc process and are well exposed. They contain layers of yellow friable micaceous sand- 
stone. 



1 House Ex. Doc. 267, filst Cong., 2d seas., 1891. 



« op. cit., p. 206. 
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The Neocene river channel to the north of Bangor has been mined by means of drifting 
from shafts. 

Extensive deposits of alluvial gravel derived from the hydraulic mines he in Willow Creek 
near Camptonville and in Deer Creek below Nevada City; these may in the future be worked 
over again. 

lONE FORMATION. 

During the Miocene epoch, contemporaneously with the accumulation of the auriferous 
gravels on the slopes of the Sierra Nevada, there was deposited in the gulf then occupying the 
Great Valley a sedimentary series consisting of clays and sands, to which the name lone forma- 
tion has been given. 

In this quadrangle there are very few exposures of this formation, most of it being either 
covered by the Pleistocene beds or removed by erosion before their deposition. Good 
outcrops of the clays and sands constituting this formation are found on Dry Slough 8 miles 
northeast of Wheatland, and also on the road to Spenceville 6 miles from Wheatland. At 
Dry Slough the beds are about 15 feet thick, dip gently southward, and are overlain uncon- 
formably by thin Pleistocene gravels. On the Spenceville road impressions of fossil leaves 
are found in a yellowish clay. West of the Brady ranch 20 feet of whitish clay and sandstone 
underlie the andesitic conglomerate. Along Honcut Creek the lone formation appears to 
have been almost entirely eroded before the deposition of the Pleistocene clays and gravels. 

AURIFEROUS GRAVEIiS. 

The Neocene topography of this quadrangle diflFered materially from its topography of 
to-day, but the diflFerence in the configuration is, on the whole, less marked than in other areas, 
because a large part of this district was never covered by volcanic flows, and consequently the 
older drainage is to some extent preserved. The principal feature of the Neocene topography 
consisted of the high and rugged diabase ranges of the foothills, rising to an elevation of over 
1,500 feet above the rivers. To the east of this high foothill range, on the middle slopes of the 
range, gentler outlines prevailed, but the general character was still decidedly hiUy and undu- 
lating. The principal river then draining the area corresponded closely to the present Yuba 
River. Bear River was represented only by a less important creek, for in the adjoining Colfax 
quadrangle the south fork of the Neocene Yuba River cut oflf the present upper drainage of the 
Bear. The Neocene channel at Bangor may be considered as representing, in part, the present 
Honcut Creek. 

In tracing the Neocene drainage in detail many difficulties arise on account of the great extent 
to which the Neocene deposits have been removed by erosion. The main channel of the Neocene 
Yuba enters the quadrangle east of Paterson and, forming a curve convex to the south, is at 
Badger Hill crossed by the canyon of the present Middle Fork of the Yuba, which has here 
cut down to a depth of 1,000 feet below the old channel. From Badger Hill to North San Juan 
the main Neocene channel must have followed the present river canyon. From North San 
Juan to French Corral the course is unmistakably marked by a succession of gravel areas, now 
largely removed by hydraulic mining. Along this course the bedrock hills rise on both sides 
500 to 600 feet above the Neocene channel, showing very clearly the character of the compara- 
tively narrow and steep river valley. Through the diabase ridges of the foothills there is but 
one possible outlet for this channel, namely, at Smartsville, at the place where the present river 
breaks through these diabase hilk. Between Smartsville and French Corral there is but one 
course which the old river could have followed, namely, the river canyon of to-day, and as a 
consequence nearly all traces of the deposition between these two points were removed as the 
canyon was deepened. At French Corral the depth of post-Neocene erosion is about 700 feet; 
at Smartsville it is not more thah 200 or 300 feet. 

This main stream received, near Badger Hill or North San Juan, a tributary from the 
vicinity of Camptonville, as indicated by Galena Hill, Weeds Hill, and Depot Hill (southeast 
of Oak Valley). This north fork of the Neocene Yuba River headed farther northeast, in the 
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City, its now eroded lower course followed the present valley of Deer Creek westward toward 
Rough and Ready. At the first glance this theory seems not only plausible but actually sus- 
tained by the grade of the channels, but there are very cogent arguments against it. In the first 
place, as in this vicinity the period of erosion between the rhyolitic beds and the andesite was 
insignificant, it should confidently be expected that some of the rhyolitic material would be 
found in the neighborhood of Randolph House and Rough and Ready, southwest of Nevada 
City, where fragments of channels are preserved. No such beds are, however, found there, the 
andesite tuff resting directly on the bedrock or the gravel. On the other hand, if we assume 
that the Manzanita channel did come from the north, we are confronted with the fact that the 
outlet of the Harmony channel at the Laney tunnel is somewhat lower than the bedrock at the 
Howe cut, so that, on this supposition — the outlet being to the east of the Howe cut — ^in no way 
could any connection then have existed between these two channels. That the Harmony 
channel is continued toward the northwest to join the old Yuba River is clearly shown by the 
lower deposits at Round Mountain and the still lower fragment of channel preserved at Monte- 
zuma Hill. There would thus be no room left for the headwaters of so large a channel as the 
Manzanita, on the supposition that it came from the north. Furthermore, the Manzanita 
channel was extremely rich in coarse gold. To the north of it are no quartz veins worth men- 
tioning, while immediately to the south of it are the rich vein systems of Nevada City. On 
the west, toward the Providence mine, begin a series of much harder rocks, which are resistant 
to weathering and would easily form a barrier, just as the slate and diabase of Banner Hill, 
Federal Loan, and Town Talk still form barriers to the east and south. 

The Manzanita channel then formed the central drainage way of a flat depression in the 
easily eroded granodiorite, bordered on the east, south, and west by an amphitheater of rising 
hills. This drainage line is indeed the most natural one to be expected in a vicinity where the 
tendency to transverse drainage is not so strongly developed as on the tilted plain of the modem 
Sierra Nevada. It has been shown in a former paper * that the grades of the Neocene river 
courses clearly indicate that such a tilting has taken place along an axis parallel to the crest 
of the Sierra and that the amount of it, though not exactly regular over the whole slope, 
was 60 or 70 feet to the mile as a maximum. On applying tliis principle to the Neocene 
drainage system of Nevada City the difliculties are overcome and the drainage becomes a very 
natural one. 

The Cement Hill chaimel, with a direction from northwest to southeast, had, then, before 
the tilting, a grade of 60 or 70 feet to the mile. The partly eroded channel between the west 
end of the big hydraulic pits and the Manzanita pit, which now has a sUght westward grade of 
20 feet to the mile, had before the tilting an eastward grade of about 50 feet to the mile. The 
channel between the Manzanita and the Howe cut, now practically level (except for the hard 
projecting ledge at the cut), wliich runs nearly due north, had before the tilting a sUght north- 
ward grade of about 20 feet to the mile. 

From the Howe cut (elevation 2,650 feet) to the lowest bedrock at Round Mountain,* 2i 
miles due north, or 1 mile east of the line of tilting (elevation 2,625 feet), the grade, wliich before 
the tilting was 30 feet to the mile, is now 10 feet to the mile. From Round Mountain to the 
lowest bedrock at Montezuma Hill (elevation 2,356 feet, according to Pettee in Whitney's 
"Auriferous gravels''), a distance of 2| miles in a direction nearly due west, there is now a grade 
of 100 feet to the mile, but before the tilting it would have been 30 feet to the mile. From 
Montezuma Hill down to French Corral, along Shady Oeek and the present Yuba River, the 
only way which the Manzanita channel could have followed, the distance is 6 miles and the 
present grade 100 feet to the mile. 

The Harmony channel must have joined the Manzanita channel a mile or two north of the 
Howe cut. The Harmony channel, coming down in a westerly direction, has now a very steep 
grade of about 150 feet to the mile from the East Harmony mine to the Laney tunnel. Before 
the tilting it had a grade of about 80 feet per mile. East of the East Harmony mine the grade 

1 Lindgren* Waldemar, Bull. Oeol. Soc. America, vol. 4, 1893, p. 296. 

9 See Smarts^llle fallo (No. 18), Oeol. Atlas U. S., U. 8. Oeol. Survey, 1895. 
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increases rapidly as the high ridge of siliceous argillite is approached. It has been held by 
many that the Harmony channel continues for an indefinite distance up the ridge. This is 
impossible, as only a few miles eastward the deep Yuba channel, from Scotts Flat to Blue Tent, 
crosses the ridge. The Harmony channel is well up toward the headwaters and under Harmony 
Ridge divides into several branches. The subangular character of its gravel and the steep 
grades prove that the divide is not far distant. Its richness is due not to its being a main and 
important channel but to its crossing a system of rich quartz veins. It is barely possible that 
a deep gorge cuts through the ridge of siliceous rock and extends as far east as the Fountain 
Head mine, but this must be characterized as highly improbable. The area in the vicinity of 
the Fountain Head mine probably drained eastward toward the main Yuba River. There is, 
of course, no reason why auriferous channels should not be found on the east as well as on the 
west side of the divide. There is also a difference in elevation between the surfaces of the 
rhyolitic flows of 200 to 300 feet between the vicinity of Cold Spring and Fountain Head. So 
great a difference would scarcely exist if there had been a way of communication between the 
two localities. 

Considering the subsequent tilting, the Tertiary bedrock surface must originally have had 
a less sharp westward slope than at present. Banner Hill, instead of rising 1,250 feet above 
the Manzanita channel, as now, was only 1,050 feet above the channel. 

DEPOSITION OF THB AT7BIFBBOXTS OBAVELS. 

The surface on which the Tertiary deposits rested having thus been examined, it remains 
to outline briefly the events which caused its burial under Neocene sedimentary and igneous 
deposits. At a period immediately preceding the volcanic eruptions of rhyoUte and andesite 
the accumulations of gravel were not deep in any part of this area located well up on the ridges 
dividing the main drainage lines. Along these main rivers, and principally along the great longi- 
tudinal valley of the Yuba from You Bet up to North Columbia, masses of gravel several hundred 
feet in depth had accumulated. One of the principal causes (though not the only one) of this 
exceptionally heavy gravel mass is to be found in the fact that Yuba River, flowing on the middle 
slopes in a broad and open valley, had to turn and force its way through the foothill range of 
Jurassic lavas in a relatively deep and narrow canyon, almost as deep as that of to-day and well 
shown by the present relations at Smartsville. This foothill range acted as a barrier, restrain- 
ing the gravel masses in the open valleys of the middle slopes. In the Nevada City area the 
prevolcanic gravels reached the greatest depths along the Manzanita channel, and it is doubtful 
whether they have at any place exceeded a thickness of 40 feet. Rhyolitic fragments are found 
at that elevation above the bedrock, and even lower. It is doubtful whether the gravels, 
60 feet thick, of the hydraulic pits northwest of Nevada City are antevolcanic ; the gravel is 
different from that generally found in the deepest parts of the Neocene channels and has more 
the appearance of the extremely well washed ^^ black gravel" which occurs at the higher eleva- 
tion and which belongs in the rhyolitic period. Outside of the main drainage channel there was 
only a few feet of gravel on the bedrock along the streams, and in by far the greatest number 
of exposures the andesite or rhyolite rests directly on the bedrock. There is no reason to believe 
that the antevolcanic gravel in this vicinity antedates the Neocene period. 

THE VOLCANIC FLOWS. 

Such were the conditions when eruptions of enormous masses of rhyolitic tuffs began on 
the headwaters of the Tertiary Yuba River. Their general character has been referred to above. 
It is probable that they were erupted as mud flows, emerging from the crater mingled with much 
water, and that there was not only one but a long series of flows, in the intervals between which 
the older flows were to some extent worked over by the running water and interstratified with 
clay, sand, and gravels of local origin. These rhyolitic flows, 200 to 300 feet thick, are well 
exposed at Alta, on the Central Pacific Railroad, and at Chalk Bluff, near You Bet, both in the 

88337**— No. 73—11 9 
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In 1908 the placer production of this quadrangle was about $280,000; and, so far as drift 
and hydraulic mining are concerned, it remained the most important area in the Sierra Nevada. 
The part of Nevada County in this quadrangle contributed only about $50,000, while the Forest 
Hill divide yielded almost the whole of the remainder, or $220,000; of this, $180,000 was derived 
from drifting operations. 

In 1909 the placer production was about $537,300, distributed as follows." 

Placer gold produced in Colfax quadrangle^ 1909i 

Sierra County: Forest City and Alleghany $5, 500 

Nevada County: 

North Bloomfield, Relief, etc 1, 000 

Washington 1, 500 

Dutch Flat and Lowell Hill 14, 700 

You Bet 368, 600 

Placer County: 

Dutch Flat 2,000 

Gold Run 36,000 

Iowa Hill 47, 000 

Last Chance 33, 000 

Forest Hill, Michigan Bluff, Bullion, and Damascus 37, 000 

Scattered 1, 000 

537,300 

The large production at You Bet resulted from finding in drifting operations an exceedingly 
rich pocket in a part of the main Tertiary channel. 

THE TERTIARY TOPOGRAPHY. 

The Tertiary surface was in the main of an undulating, hilly character. The slopes lay at 
angles up to 10° and the rounded ridges rose to heights varying from a few hundred feet to 1,500 
feet above the channels. In the eastern part of the quadrangle the conditions were somewhat 
different. Here the Tertiary topography was decidedly more abrupt. A number of prominent, 
flat-topped hills rose to a height of 2,000 feet above the watercourses. Among them are English 
Mountain, Signal Peak, Snow Mountain (in the Truckee quadrangle). Monumental Hill, and 
Duncan Peak (PL XVIII). There are practically no auriferous gravels in this upper region, 
embracing the eastern third of the quadrangle. Evidently the rivers of this region were {ible to 
transport easily all the material they received. 

The outlines of the early Tertiary drainage system were as described below, most of the 
connections being established with considerable certainty. The drainage was partly transverse, 
flowing down the range like the present system of rivers, but in part it was also parallel to the 
present range, taking a course followed by none of the present rivers and clearly indicating 
a low range with longitudinal ridges. It is believed now that the whole of the Tertiary drain- 
age in this quadrangle found an outlet in the important master stream which extended from 
North Columbia down to Smartsville, and to the waters of the gulf then occupying the Sacramento 
Valley. This principal stream broke across the longitudinal ridges of Jurassic eruptive rocks in 
a relatively deep and narrow valley. 

Near North Columbia the main trunk channel branched. The northerly channel continued 
eastward to North Bloomfield ; there it turned north and then east to Moores Flat and Snow 
Point; then, crossing the present canyon of the Middle Fork of the Yuba it entered the 
Downieville quadrangle northeast of American Hill. A tributary to this channel followed in part 
the present Oregon Creek and joined it in the Smartsville quadrangle. Still another tributary 
ran by the way of the Derbec mine. Relief, Alpha, Omega, and Bear Valley. 

The southerly branch of the trunk channel followed from North Columbia to Little York 
a broad longitudinal valley having a south-southeast direction, bordered on the west by a high 
ridge of diabase and slate. At Little York the channel bent sharply northeast to Dutch Flat, 
and tributary branches extended up to Alta, Lowell Hill, and Shady Hun. 
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A. SIERRA BUTTES, IN THE DOWNfEVILLE QUADRANGLE, SIERRA COUNTY. 

the Cretaceous divide of the Sierra Nevada. Viewed from the south. Photograph by H. W. Tur 



S. SNOW MOUNTAtN, IN THE TRUCKEE QUADRANGLE, PLACER COUNTY. 

* pattofthoCrelaceousdivide of the Sierra Nevada. Viewed from rhyolite bluff south of American 
300 feet above a Tertiary charinei. Between tkie bluff and Snow Mountain the deep canyon ' 
is eroded. Showing rough Tertiary topography near the old Cretaceous divide. rhologra( 
See page 38. 
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A. VIEW LOOKING EAST FROM HILL 2 MILES NORTH OF AUBURN, PLACER COUNTY. 

The view is across the two forks of American Ri<er to level lava ridges In the middle bacltground and the 
high bedrocli ridgesof the Pyramid Peak Range in the far distance. From telephotograph by JC. Hawver. 



A POINT NEAR COLFAX, 
Giants Gap in the background. See page 38. 
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On the Forest Hill divide important channel systems have also been traced, but it was for- 
merly believed that these found their outlet directly southwest toward the Great Valley. Later 
investigations, however, seem to indicate that this great channel system connected with that 
north of the basin of American River. In spite of some difficulties, explained more in detail 
below, it now seems probable that the longitudinal valley continued in the same general direction 
to Yankee Jim, and that the channel continued in the upstream direction by way of Dutch 
Flat, Indiana Hill, Iowa Hill, and Wisconsin Hill; further, that it turned eastward near Forest 
Hill and continued by way of Mayflower, Bath, and Michigan Bluff across the Middle Fork of 
American River to the Long Canyon divide. There is no doubt about its upper course from 
this point. After a short bend southward, extending into the Placerville quadrangle, it cut 
across the extreme southeast comer of the Colfax quadrangle, then continued in the Truckee 
quadrangle up by French Meadows and Soda Springs to its former headwaters south of Castle 
Peak. This important stream was joined by tributaries, the principal one coming down from 
Damascus to Michigan Bluff. This was again joined by lesser streams from Secret Canyon and 
Red Point and from Last Chance and Deadwood. 

During the later part of the auriferous-gravel epoch the topographic conditions were mate- 
riaUy different. The lower valleys were filled with gravel to a depth of several hundred feet, 
and the streams meandered over flood plains which locally attained a width of 3 xniles. They 
became less able to carry the load of detritus, and deposits of clays and sands increased greatly. 
Low divides were covered, and many streams were diverted from their original channels. This 
phase became even more pronounced when, as a result of the rhyolitic eruptions in the high Sierra, 
vast masses of ash and fine volcanic detritus were piled up in the river channels. Overloading 
and deposition ceased only after the close of the rhyolitic eruptions or during the early stage of 
the andesitic eruptions when an uplift or westward tilting of the surface took place. The 
grade of the rivers being increased, cutting immediately followed, and in some regions, 
especially on the Forest Hill divide, proceeded to such an extent that new channels were 
excavated in the old river valleys without reference to the older . courses, as narrow, steep- 
sided gorges cut into the soft sediments and even into the underlyiug hard '* Bedrock series.'* 
A small amount of gravel accumulated in places along these intervolcanic channels, and 
many of such deposits are rich in gold reconcentrated from the older gravels. The streams 
of these channels were evidently able to transport the great quantity of material offered to 
them. Channels of this kind are few in the northern and central parts of the quadrangle. 
They have been noted, however, north of Forest and are especially prominent in the Ruby 
drift mine (in the Downieville quadrangle). One is also said to have been met with in drifting 
below the lava capping northeast of American Hill. 

In the higher range the valleys were narrow and contained little detritus. The intervolcanic 
streams simply reexcavated or deepened these valleys without creating new channels. But on 
the Forest Hill divide and in the adjoining region the old deposits are repeatedly cut by inter- 
volcanic channels, among which those representing two epochs may be recognized. Below Forest 
Hill these channels did not follow the old drainage lines but established new courses directly 
down the slope on the range by way of Peckham Hill (in the Placerville quadrangle). The 
interval between the rhyolites and the final andesitic eruptions must have been much longer here 
than farther north. 

The present grades of the Neocene channels in this quadrangle are as steep as 150 feet to the 
mile, much steeper than any which could reasonably be expected in a region of comparatively 
gentle configuration. Almost the only exceptions are found among those principal watercourses 
which had a northwest or north-northwest direction. These have very slight grade. Most 
prominent among these is the Neocene South Fork of the Yuba, which from You Bet to North 
Columbia has an average grade of less than 17 feet to the mile. From these facts has been drawn 
the conclusion that the tilting movement of the range as a whole has added to the grades of all the 
rivers flowing in a general westerly direction but has not affected the rivers running parallel to 
the range. After the andesitic flow came the excavation of the deep canyons of the present day. 
Plate XIX, By well represents the present appearance of the region and shows the level crests of 
the ridges capped with andesitic tuff abruptly trenched by the canyon of American River. 
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RHTOLITE. 

The first eruptive flows of rhyolite and rhyolite tuffs did not cover large areas, but followed 
nearly all the main river courses. They were covered by later andesitic eruptions and are now 
exposed only where erosion has cut through the volcanic masses. The massive rhyolite is a light- 
gray or pink fine-grained compact rock, easily dressed, and showing in places small porphyritic 
crystals of quartz and sanidine. Its outcrops form many abrupt cliffs or bluffs. This rock occurs 
chiefly in the eastern portion of the quadrangle, typical exposures being those northwest of 
English Mountain, Sugarpine Flat, and Canada Hill. The vent from which the rhyolite of 
English Mountain poured out was located near Castle Peak or Mount Lola, at the summit of the 
range; the sources of the other two eruptions mentioned are not definitely located. 

In the western part of the quadrangle the rhyolitic rocks consist chiefly of sandy or clayey 
tuffs, of brilliant white color. The rhyolite flows, being of moderate volume, closely followed 
the courses of the Neocene vaUeys and are therefore good indicators of the lowest depressions in 
the old surface. The massive flows, probably being viscous, did not extend far from their vents. 
The tuffs were evidently carried down by the streams as mud flows, deriving their contents from 
masses of volcanic ash accumulated near the vent. The auriferous gravels are covered at many 
places by extensive light-colored, fine-grained sandy or clayey beds, usually called pipe clay. The 
origin of many of these beds — for instance, at Moores Flat, Omega, North Bloomfield, and North 
Columbia — is uncertain. Probably aU of them contain volcanic material, but they can hardly 
be considered as volcanic tuffs. Granitic sand is certainly an important constituent of many of 
them. They have been mapped with the auriferous gravels. 

In the northwestern part of the quadrangle rhyolitic tuffs are scarce, although bowlders 
of rhyolite occur here and there in the breccias. 

A once continuous flow of rhyolitic tuff can be traced along the course of the Tertiary 
South Fork of the Yuba, beginning east of Blue Canyon and extending down by Alta, You 
Bet, Quaker Hill, and Scotts Flat. Some of the first outcrops northeast of Towle consist of 
massive light-colored rhyolite, but below this nothing but rhyolitic tuffs of very sandy to 
clayey texture and brilliant white color can be observed. This tuff crops extensively in the 
vicinity of Alta, here attaining a thickness of over 300 feet. The flow once filled nearly the 
whole of the broad river valley and even overflowed the adjoining ridges in one or two places. 
At Iowa Hill, Independence Hill, and Monona Flat a thin stratum of rhyolitic tuff appears below 
the andesite, probably having found its way to this locality from the vicinity of ^ta. From 
Dutch Flat to You Bet the rhyolite, as well as the overlying andesite, is eroded. It appears, 
however, at Chalk Bluff, so named from the brilliant white color of its exposures. Here from 100 
to 200 feet of rhyolitic tuffs underlie the andesite. Similar exposures are found at Quaker 
HiU, Hunts Hill, and Buckeye Hill. In the vicinity of Quaker Hill the relations are especially 
interesting, as Deer Creek has cut through the whole Neocene river valley, affording an excellent 
section. At Blue Tent the gravels are overlain by about 200 feet of light-colored sands, but 
their rhyolitic character is not plainly indicated, and it is probable that the small amount of 
tuff remaining in the old river valley after the overflow toward Nevada City had taken place 
was greatly mixed with sands and clays of local origin. 

One of the largest eruptions of rhyolite in the Sierra Nevada took place near Castle Peak, 
in the Truckee quadrangle. The molten rock followed the course of the Neocene American 
River along the present Middle Fork. It enters this quadrangle near the southeast comer, 
where it nearly fills the broad, flat Neocene valley and is excellently exposed along the slope 
to the north of Long Canyon. Some massive rhyolite is found at the eastern boundary, but 
below this nothing but white tuffs occur. The tliickness of the rhyolite, which forms- many 
bluff-like outcrops and contains intercalated bodies of gravel, is here from 400 to 600 feet. 
Excellent exposures are found near the Ralston mine. A fragment of the same channel is 
seen near Michigan Bluff, and at the base of Sugar Loaf near that town a little rhyolite is 
exposed. The same channel reappears at Bath and Mayflower, passing thence southward 
under the lava cover near Forest Hill. At Bath and Mayflower somewhat over 100 feet <rf 
rhyolitic tuff and intercalated gravels are exposed. At Forest Hill, along the bluff south of 
the town, the thickness exposed is from 40 to 130 feet. 
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ANDESITE. 

After a considerable interval, during which the rhyolite lavas were much eroded, the 
volcanoes along the summit of the range began to pour out masses of the moderately basic 
lava known as andesite. During the rapidly succeeding eruptions andesitic material from 
these volcanoes was spread over the whole western slope of the Sierra Nevada. Practically 
the whole of the Colfax quadrangle was, after the close of the eruption, covered by an andesitic 
mass to depths ranging from a few hundred to over a thousand feet, the greater thickness 
being found in the northeastern and soutlieastem portions. Only a few points remained 
like islands above the surface of the vast lava masses. Among these are English Mountain, 
the Black Mountains, and Signal Peak; probably also Duncan Peak, as well as some ridges 
to the west of Duncan Canyon. The whole western part was submerged with the possible 
exception of Banner Hill. Pleistocene erosion has removed the larger part of the volcanic 
covering, but enough remains to cap the summit of nearly every important ridge to a 
depth of a few hundred feet. The andesitic rocks rest on rhyolite, gravel, or the older 
formations of the '* Bedrock series." As a rule, the greatest depth is along the old channels, 
while the adjacent bedrock hills may have been only superficially covered. Throughout the 
area the andesitic rocks are of a fragmental character. They consist, as seeh in good exposures, 
of strata ranging in thickness from a few feet upward. By far the most usual form is a tuil 
breccia consisting of andesite cemented by a dark-gray material consisting chiefly of finely 
ground-up andesite. The lower part of the beds consists at many places, especially in the 
western part of the quadrangle, of volcanic gravels, sands, clays, and fine-grained tuils. Inter- 
calated between these and always covering them are strata of the above-described tuff-breccia. 
In the lower part of the series may be found here and there small masses of a mixed gravel of 
quartz and metamorphic rocks. The tuff-breccia contains exceedingly little nonandesitic 
material. Scattered granite bowlders are included, as near American Hill and other places, the 
granite being identical with that occurring near the summit of the range. The andesite, as 
shown in the included bowlders, many of which reach 3 feet or more in diameter, is a rough 
and porous rock of dark-gray to dark-brown color. Porphyritic crystals of plagioclase feld- 
spar are invariably present, as are also crystals of augite and hypersthene. Hornblende is 
less abundiant, but appears in many rocks as small black, glistening needles. Biotite is of 
very rare occurrence. The groundmass in which these crystals are embedded has a structure 
varying from glassy to very fine grained microcrystalline. Although the structure of the 
tuff breccia is similar throughout the quadrangle, there appears to be a slight difference between 
that to the north and that to the south of the North Fork of American River. North of this 
stream the andesite bowlders in the breccia consist to a considerable extent of hornblende 
andesite, all, however, carrying also some pyroxene. The rocks have in general a grayish 
or brownish color. Besides these hornblende andesites there are a large quantity of ordinary 
pyroxene and sites. On the Forest Hill divide south of the North Fork the andesites appear 
darker in color and the pyroxenic rocks predominate. 

The volcanoes which ejected these enormous masses were located along the crest line of 
the range. North of the watershed of American River the andesites originated from the vol- 
canoes of Webber Lake, Mount Lola, and Castle Peak. South of that line they were poured out 
from the volcanic vents south of Tinker Knob (in the Truckee quadrangle), the lavas of which 
were of a predominatingly pyroxenic character. It is believed that these andesitic tuffs were 
largely carried down the slope, following the old river valleys as volcanic mud mixed with 
water. This mud consolidated or set like a hydraulic cement to a hard compact mass. Proba- 
bly, however, dust showers from the volcanoes produced some of the material and other masses, 
especially near the base of the series, may have been worke<l over by the streams in the intervals 
between volcanic eruptions. 

The only occurrence of massive andesite that flowed down as a molten mass is found 2 
miles southwest of Cisco, at the head of Lake Valley, though flows similar to this are noted in 
the adjoining Truckee quadrangle. At tliis place a small bed 20 or 40 feet thick appears at 
the base of a tuff-breccia. It is an olivine-pyroxene andesite with large, clear feldspar crystals 
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and dense black groundmass, similar to the rock from Table Mountain, Tuolumne Coimty, 
but it does not contain as much potash as that rock. 

The surface of the lava flows, generally of a rolling or level character, is in places deeply 
decomposed, and the dark-red clay soil generally contains unaltered bowlders from the tuflF- 
breccia embedded in it. 

The lower southwestern part of the quadrangle is characterized by a great abundance of 
volcanic sands and tuffs alternating with tuff-breccia and here and there containing smaller 
bodies of gravel, locally auriferous. This is probably explained by the fact that a broad river 
basin existed in this vicinity, in which the volcanic material was frequently worked over 
between the eruptions. The channels of the intervolcanic epoch, which contain little or no 
gravel, are usually found to be completely filled with tuff-breccia. Here, as well as in other 
parts of the quadrangle, the last and the heaviest flows consist of the same tuff-breccia. 

The following sections show accurately the composition of the lava cap covering the gravel 
at several points on the Forest Hill divide. They have been obtained chiefly in the shafts 
sunk through the volcanic cap to reach the underlying gold-bearing gravels. 

Section at Gray Eagle shaft. 
^ Feet. 

Andeeitic tuff-breccia 130 

River wash, sand, and gravel, lai^gely volcanic 110 

Andeeitic tuff , 60 

Gravel and sand 10 

Andesitic tuff 20 

Gravel 7 

Andesitic tuff 25 

Gravel 2 

Bedrock. 

364 

At this place there are thus four distinct strata of volcanic material separated by strata 
containing river wash. The pebbles in the gravels are mainly of volcanic origin, but most of 
the gravels contain a Httle gold. 

Section north of New York Canyon^ near Iowa Hill. 

Feet. 

Andesitic tuff-breccia 90 

Auriferous gravel 4 

Andesitic tuff 160 

Auriferous gravel 60 

Bedrock- 

314 

Section at Reed mine^ Deadwood. 

Feet. 

Andesitic tuff-breccia 70 

Gravel with a little gold 7 

Andesitic tuff 40 

Gravel 6 

Andesitic tuff 30 

Brown tuffaceous clay ("chocolate ') 5 

Auriferous gravel 3 

Bedrock. 

161 

The section at the Reed mine is characteristic for a considerable extent of country in the 
vicinity of Eldorado Canyon, Deadwood, and Last Chance. 

DETAILED DESCRIPTION OF AURIFEROUS GRAVELS. 

TEBTIABY PBEVOLCANIO GBAVELS. 
OREGON CREEK AND VICINirY. 

' Along Oregon Creek several bodies of gravel are exposed, lying on flat benches, some of 
which are less than 100 feet above the stream. The gravels at Tippecanoe are 100 feet thick 
and consist of quartz and chert pebbles, many of them imperfectly washed. They contain no 
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volcanic rocks. The course of the Tertiary stream must, as shown by the bedrock relations, 
have followed the present (Oregon Creek. The gravel at the Remargis and Gales diggings, 2 
miles farther up the creek, is similar. At Tippecanoe (bedrock elevation 3,555 feet) a few 
acres have been hydraulicked. Some work has also been done at Gales; the gravel is here 
50 feet thick and is covered with 10 feet of pipe clay. 

NORTH COLUMBIA. 

A junction of two important streams took place near North Columbia, and here the 
auriferous gravels are developed to a greater extent than at any other place. In the Smarts- 
ville quadrangle there is a large area of gravel extending from Badger Hill to the quadrangle 
boundary. This continues in the Colfax quadrangle as far east as North Bloomfield, covering 
about 8 square miles. There is doubtless a deep channel with slight grade running from 
Grizzly Hill (1 mile southwest of Kennebec House) to Badger Hill, where it was joined by 
the steeper channel of North Bloomfield from the east. The gravels at North Columbia are 
among the most extensive and deepest known, the depth along the center of the channel being 
from 400 to 500 feet. The gravel in the deepest trough exposed at Badger Hill and Grizzly 
Hill is coarse and made up largely of metamorphic rocks; the top gravel, spread out over the 
benches, is fine and much more quartzose. Near the surface, especially up toward the base of 
the lava flow, there are heavy masses ^f sand and light-colored clays. 

The gravels at North Columbia are owned chiefly by the Eureka Lake Co., whose claims 
cover an area of 1,445 acres along 2^ miles of channel. A large amount of surface work has 
been done, and 150 feet of gravel has been washed off. The deep part of the deposit exposed 
at Grizzly Hill can be reached only by running long and expensive bedrock tunnels; this 
would have been done but for the injunctions against hydrauUc mining. It is estimated that 
25,000,000 cubic yards have been washed off and that 165,000,000 cubic yards remain. (See 
Pis. Ill, p. 20; XXIII, A, p. 144.) 

NORTH BLOOMFIELD, DERBEG, AND RELIEF. 

At North Bloomfield the exposures are excellent in the hydraulic bank along the center 
of the channel. The bedrock rises north and south of the main channel. Across the bottom 
it is nearly level for 300 or 400 feet. The deepest gravel is 130 feet thick; this is capped by 
heavy bodies of light-colored clay and sand interstratified with fine gravel, and here and there 
near the top also with andesitic tuff; the clay and sand may reach 150 feet in thickness. This 
material is in turn covered by 600 feet of tuffaceous breccia. The lower surface of the breccia 
is uneven, as shown by the fact that sand and clay outcrop a short distance east of the Derbec 
mine. About a mile north of North Bloomfield the channel forks again below the lava. One 
of the main forks has its inlet from the lava ridge north of Backbone House, where the configu- 
ration shows the existence of a deep channel, along the center of which Bloody Run has exca- 
vated its canyon. Gravels capped by heavy masses of sUding clay are here exposed. 

Hydraulic mining has been carried on at North Bloomfield on a very large scale. The 
excavations extend for 5,000 feet and are 500 to 600 feet in width, with banks as much as 500 
feet in height. The deposit has been opened by a bedrock tunnel 7,874 feet long, starting from 
Humbug Canyon. The sum of $3,000,000 is said to have been expended on this tunnel, the 
water supply, and other preliminary work. Shortly after the completion of the tunnel hydraulic 
mining was suspended by injunction of the courts, and since then the pnly gravels worked by 
the hydraulic process have been those the tailings from which could be impounded before reaching 
the river. Some drifting has been done, but the deep gravels are not rich. 

The average yield per cubic yard is from 4 to 10 cents. Most of the value is contained 
in the deep gravels (130 feet), and in these the richest parts are the first few feet above the bed- 
rock. Some portions of the clay and sand near the top are almost barren. Owing to the great 
width of the channel the gravel next to the bedrock is rarely rich enough for drifting. The 
yield of the mine from 1866 to 1900 was approximately $3,500,000. About 30,000,000 cubic 
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yards has been excavated, and 130,000,000 cubic yards is said to remain. The same amount 
may be available in the vicinity of Lake City. 

Mining operations from the Derbec ^aft have proved the existence of a deep channel 
extending for several thousand feet eastward. The Derbec channel, which has a steep grade, 
has been mined upstream from the shaft for a distance of 7,000 feet, following the curves; 
the width of pay gravel was from 150 to 600 feet and the height 8 to 16 feet from the bedrock. 
The gravel is coarse, with many bowlders, some of which are of granite. The average value 
per ton is $2.47. The mine was in operation from 1877 to 1893, and the production in some 
years reached $200,000. 

There can be little doubt that the Derbec channel continues toward Relief. At Relief 
erosion has exposed a deep trough in the old bedrock and about 200 acres of auriferous gravels. 
The oldest gravels, as usual coarser and containing less quartz, are 60 feet deep and are covered 
by 100 to 200 feet of alternating sand, fine quartz gravel, and clay. Some hj^draulic work 
was done long ago at the southern and eastern rims of the channel, but for many years drifting 
operations only have been carried on. The Union tunnel, about 2,500 feet long, has been driven 
from the southwest side of the gravel area, and amounts up to $30,000 and $40,000 a year have 
been produced for a number of years. Drifting has also been done from the Blue Lead and the 
Waukesha tunnel, started from the northeast side of the deposit. 

Plate XX explains the Derbec and North Bloomfield^operations and is based on a map kindly 
placed at the disposition of the Geological Survey by Mr. A. D. Gassaway. In 1901 the Union 
Blue Gravel Co., imder the management of Mr. Gassaway, started a tunnel in Humbug Canyon 
above North Bloomfield, and on its completion began the mining of the Derbec channel upstream 
from the point where the Derbec Co. left it. The operations were very successful until an area 
of granitic rocks was encountered underneath the lava; the channel spread out at this pointy 
and the gold values consequently became less concentrated. 

The first three bedrock figures to the left on Plate XX mark the North Bloomfield channel^ 
as exposed by hydraulic work or drifting. The grade here is 100 feet to the mile; the direction 
southwest. From the point marked "2979" to the deep ground found in the Last Chance incline, 
south of North Bloomfield, the direction is northwest and the grade only 67 feet to the mile. 
The channel was next found at the Derbec shaft, where the bedrock elevation is 3,349 feet^ 
or about 300 feet higher than at Last Chance, the distance being about 1 J miles and the stream 
flowing south. It appears now that the Derbec and North Bloomfield channels must be identi- 
cal. In a former publication ^ the writer has expressed doubt concerning this, but the bedrock 
relations are such that no other connection seems possible. The difiicult question is how to 
accoimt for this abnormal grade between the two points in which the channel has been opened. 
It has been suggested that a fault exists here underneath the covering formation, and tliis will 
probably be foimd to be true. The Derbec channel has been mined for 1^ miles in a general 
westrsouthwest direction, and found to have a grade of 131 feet to the mile. On the slope* 
toward Bloody Run, north of Backbone House, there is an inlet of a large channel similar in its 
general characteristics to the North Bloomfield channel; the bedrock elevation of this inlet is not 
established with certainty on accoimt of landshdes which obscure the relations, but in the publi- 
cation just cited it is assumed that this is the real upstream continuation of the North Bloom- 
field channel, and that from this point it curved out and has been eroded over the present 
river canyon to reappear at Woolsey Flat and Moores Flat. The grade from the Derbec 
shaft to this inlet would be about 50 feet to the mile, the direction being southnsoutheast. 

This view is opposed by Mr. Gassaway and others, who point out that a deep depression 
has been found at the Watts shaft, between Derbec and Moores Flat. The collar of the vertical 
Watts shaft has an approximate elevation of 4,262 feet; the shaft is 417 feet deep; a crosscut 
was run due west from it at the bottom level for 1,260 feet, and two winzes were simk about 50 
feet deep to bedrock. At the bottom of the shaft and at the breast this crosscut was in bed~ 
rock, and the presence of a deep trough was thus established. The gravel is reported to be too 

* Lindgren, Waldemar, Two Neocene rivers of California: Bull. Qeol. Soc. America, vol. 4, 18^, p. 273. 
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poor for drifting operations. For 200 feet from the surface the shaft is said to be in volcanic 
material; the lower 200 feet is in pipe clay and fine gravels.^ 

The distance between the end of the Derbec workings and the Watts shaft is about 2 miles, 
the direction of the stream having been southwest. The difference in elevation is 266 feet, or a 
grade of 133 feet to the mile — almost the same as that of the Derbec channel. The elevation 
of the bedrock at Moores Flat is somewhat uncertain. Pettee gives 4,019 feet, and for Woolsey 
Flat 3,890 feet. On the whole it seems more probable that the main channel followed the 
present Yuba River, as indicated, and that a minor channel extended up toward the Watts shaft 
from Derbec. The question can not be said to be finally determined. 

That a direct connection existed between Relief and the Derbec channel is certain, and 
the whole distance, 2^ miles, will probably be drifted. The direction of the channel is west- 
northwest, and the grade is accordingly not so steep ; it averages only 60 feet to the mile. 

MOUNT ZION. 

For a long distance east of Relief the bedrock keeps high and no gravel occurs along the 
contact. But at Mount Zion, at Devils Canyon, fine quartz and gravel having a thickness as 
great as 50 feet appears below the North Bloomfield ditch for a distance of nearly a mile. Some 
Uttle hydrauUc work as well as drifting has been done here. Many years ago the main tunnel 
running due west for 1,400 feet struck bedrock pitching west. It is probable that tliis gravel 
filled a tributary running northward and joinmg the Derbec channel. 

CHERRY HILL AND SHANDS. 

At Cherry Hill, between Shands and Mount Zion, there is a small body of gravel below the 
North Bloomfield ditch. A few very small areas were noted at Shands; the largest was 100 feet 
thick, composed of well- washed pebbles and covered by subangular gravel. The small patches 
north and south of Graniteville are also partly subangular gravel. Well-washed gravel appears 
below the andesite north of the town but is thin and irregular. A small, steeply rising channel 
probably continues for some distance below the lava. 

SNOW POINT, ORLEANS, AND MOORES FLAT. 

At Snow Point and Orleans there are small bodies of auriferous gravel, the bedrock rising 
steeply southward. At both places the gravels have been nearly exhausted by hydraulic 
mining. A little drifting has also been done at Snow Point, where the bedrock elevation is 4,21 1 
feet. At this place the bank is 135 feet high. The lower 15 feet consists of coarse gravel, which 
is covered by 90 feet of fine, sandy quartzose gravel, in turn overlain by 20 feet of clay. At 
Orleans (bedrock elevation 4,100 feet) the gravel was also largly quartzose. West of Orleans is 
Moores Flat (bedrock elevation 4,010 feet), where a considerable body of gravel is exposed. 
The gravel is of the same character as that at Sijow Point, is from 100 to 130 feet tliick, and is 
covered by andesitic breccia. Bowlders of quartz from 2 to 6 feet in diameter are found on the 
bedrock. It is estimated that 26,000,000 cubic yards have been washed off and that perhaps 
15,000,000 yards remain. (See PL II, B, p. 20.) 

WOOLSEY FLAT. 

At Woolsey Flat there is likewise a large body of gravel exposed. The heavy gravel, 100 
feet thick, is similar in character to that just described, but it is covered by as much as 150 feet 
of clay (bedrock elevation 3,890 feet). In all these gravel bodies the gold on the bedrock is 
rather coarse. But little workable hydraulic gravel remains at Woolsey Flat, as the height of 
the clay and tuff banks increases rapidly. The production of the hydraulic mines near Moores 
Flat and Snow Point, though very large, is not definitely known. None of them have been in 
operation since 1886. 

1 Pettee» in Whitney's "Auriferous gravels/' p. 400. 
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MINNESOTA y CHIPS FLAT, AND ALLEGHANY. 

The most probable course of the old channel is, as indicated on Plate I (in pocket), approxi- 
mately parallel to that of the modem river. Somewhere near Orleans the old river was joined 
by the Forest tributary, continuously traceable by way of Minnesota, Chips Flat, Alleghany, and 
Forest. At no place along this old tributary are any considerable bodies of gravel exposed. At 
Minnesota a small amount of hydraulic work has been done and aboujb 20 feet of fine quartz 
gravel, mixed with larger bowlders of the same material, is exposed. The gravel is coarsest on 
the bedrock. The bedrock elevation is 4,220 feet. The channel extending below the lava to 
Chips Flat is said to have been drifted along its entire length and to have been very rich. At 
Chips Flat (bedrock elevation 4,235 feet) are a few acres of exposed gravel, the banks of which 
show a few feet of coarse gravel with well-washed quartz bowlders near the bedrock, 30 feet of 
fine gravel, 30 feet of clay, and above this the volcanic capping. A few smaller patches of gravel 
are exposed on the same ridge, the largest of which, east of (Mps Flat, is called Balsam Flat. 

SMITHS FLAT. 

The continuation of the Minnesota channel is found a mile south of Alleghany, at Smiths 
Flat, somewhat higher in elevation than Chips Flat. Here also a little hydraulic work has been 
done, and the banks are 50 feet in height. From this point the channel has been drifted through 
to Forest. As usual, in this channel the bottom grayel is coarse and contains many flat cobbles 
and bowlders of a bluish-white siliceous slate; also much quartz. The gold on the bedrock is 
coarse and has in places worked its way down some distance into the decomposed bedrock. 
The production of this channel has amounted to several million dollars, but it is impossible to 
obtain exact statistics. One of the most successfully worked claims from 1855 to 1863, inclu- 
sive, was the Live Yankee, extending along 2,600 feet of channel. Its production was nearly 
$700,000. 

FOREST. 

A small amount of heavy gravel is exposed at Forest (bedrock elevation 4,500 feet), but the 
channel enters the northern ridge immediately and continues in a north-northeast direction. 
It was worked by the Bald Mountain Co. from 1872 to 1879 or 1880 for a distance of about a 
mile, producing $150,000. The gravel was extracted to a height of 3i feet, including 1 foot of 
bedrock. The yield per cubic yard of unbroken gravel was about $7. A shaft sunk 1,800 feet 
from the mouth of the tunnel shows 215 feet of clay and sand covering 15 feet of gravel; no such 
heavy masses of silt are found farther down on this channel. The Bald Mountain channel was 
found to be cut off by a lower, intervolcanic channel filled with lava, but continuous beyond this 
toward the Ruby mine, in the Downieville quadrangle. 

The North Fork Co. has a long tunnel running in a northwesterly direction for more than 
a mile and some good drifting ground. This tunnel is probably on a tributary to the main 
channel. The Bald Mountain Extension Co. for some years worked a branch of the Bald Moun- 
tain channel by means of a tunnel IJ miles long, running northwestward under Bald Mountain. 
Later operations were transferred to a tunnel at the head of Kanaka Creek, in the Downieville 
quadrangle. This channel is also cut by a lower, intervolcanic channel. At the Ruby mine 
both an older and a more recent channel have been worked. Small drifting operations have 
been carried on at several points on the ridge west of Alleghany. 

AMERICAN HILL. 

To return now to the main old channel, which has been traced as far as Snow Point, its 
continuation is without much doubt to be found at American Hill and Bunker Hill, on Wolf 
Creek. At American Hill and for a mile westward around the head of Little Wolf Creek 
bench gravels occur. At Bunker Hill, on the east side of Wolf Creek, a mass of gravel about 
300 feet thick, covered by clay and sand, lies in a deep trough in the bedrock, the elevation of 
which is 4,725 feet. It is beUeved that this channel extends in a northwesterly direction 
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under the lava. Two long tunnels, now inaccessible, were driven some time ago. They are 
said to have shown the existence of two channels at considerably different elevations. The 
reports do not agree as to whether they would pay for drifting. 

BLUE TENT. 

We now return to the western edge of the quadrangle in order to trace the southern branch 
of the main stream. At Blue Tent, on the south side of the South Fork of Yuba River, the 
gravel appears extensively below the lava, filling a deep trough in the bedrock, the deepest 
part having the same elevation (2,483 feet) as Grizzly Hill, across the canyon. The bottom 
gravels are 25 feet thick, coarse and cemented, and is covered by over 300 feet of light-gray 
sand and clay mixed with fine quartz gravel. The sand is particularly abundant and nearly 
barren. About 15,000,000 cubic yards has been removed and some 90,000,000 yards remain, 
much of which is barren clay and sand. The lower gravel averaged 15 cents or more to the 
cubic yard, but the sandy top gravel contained only 2^ cents. It is stated that the hydraulic 
operations were not remunerative. The bottom of the channel is reported to be 1,000 feet 
wide and the gravels of low grade. Even the 5 feet of gravel next to the bedrock did not con- 
tain more than 50 cents a ton, it is reported. Nevertheless, it is probable that some attempt 
will be made to open the channel from Blue Tent to Scotts Flat. 

QUAKER HILL AND SCOTTS FLAT. 

On the ridge northeast of Nevada City a small but rich channel has been drifted from 
the East and West Harmony inclines. The gravel, which is partly subangular, is taken out 
to a depth of 4 feet. In Rock Creek lie large masses of clay and sand similar to the deposits 
at Blue Tent. Still larger accumulations are exposed at Scotts Flat and Quaker Hill. The 
gravel, which is covered with rhyolitic tuff and andesite, fills a deep trough well exposed by Deer 
Creek and Greenhorn River. Along the principal channel the gravels are nearly 600 feet deep; 
the bench gravels surrounding the deepest trough are about 300 feet in depth. At Hunts 
Hill the deepest channel is exposed by mining operations at about the level of the tailings in 
tlie river at an elevation of 2,620 feet. North of this point it is not visible until exposed again 
at Blue Tent. The geologic evidence clearly shows that the deep channel is continuous from 
Hunts Hill to Blue Tent. A shaft has been sunk in the old diggings at Quaker Hill and a bed- 
rock was found at an elevation of about 2,650 feet. A shaft sunk in the creek at Scotts Flat 
struck bedrock at an elevation of about 2,770 feet, the lowest bedrock not being found. At 
Quaker Hill the width of the channel said to pay for drifting is about 130 feet, and the depth 
of pay gravel is from 4 to 16 feet. As usual, the gravel is coarse and cemented in the deep 
trough, and the bench gravels, several hundred feet thick, consist chiefly of fine quartz gravel 
mixed with sand. 

The yield of the top gravel rarely exceeds 6 cents a cubic yard in fine gold, the size of a 
pinhead or less, but the bottom gravel may be very rich. It is estimated that near Scotts 
Flat 12,000,000 cubic yards has been removed and that 35,000,000 yards has been worked at 
Quaker Hill, where the gravel banks reach a thickness of 250 feet. A vast amount of workable 
gravel, estimated at 140,000,000 yards, remains at Quaker Hill. At both Quaker Hill and 
Scotts Flat it is difficult, if not impossible, to obtain dumping ground and sufficient grade for 
sluices. 

Deep gravels fringe the rhyolite for 3 miles east of Quaker Hill and represent without 
much doubt a tributary crossing the ridge near Central House (Galbraith). South of this 
place there is about 100 feet of clay underlain by some gravel. Here some drifting has been 
done on both the north and the south side. Heavy clay masses are exposed at Burrington 
Hill, where some hydraulic work was done long ago. The gravel of this tributary has also 
been hydraulicked on the north and south sides of the Quaker Hill ridge. 

High bedrock appears on the ridge 3 miles northeast of Quaker Hill. East of this are 
exposed the small Red Diamond channel on the north side of the ridge and other channels 
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covered with deep clay on the south side. A little work has been done on all of them. It is 
said that at Coopers Mill an old incline was sunk on the rim, tracing the bedrock down to an 
elevation of 3,500 feet. If this report is correct it is highly remarkable, as this elevation is 
considerably lower than the rim rock at any other point in this lava area and would imply the 
existence of a closed basin. The important Centennial-San Jose channel is covered by this 
same lava area. Buckeye Hill is a small mass of bench gravel southeast of Quaker Hill. The 
gravel has been almost entirely removed. 

YOU BET AND LITTLE YORK. 

At Red Dog and Hawkins Canyon, near You Bet, the deep channel has again been exposed 
and is beyond doubt continuous between the two points. The gravel is similar to that of 
Quaker Hill. The deepest gravel has been hydrauUcked only at the places mentioned, but 
considerable drifting by means of tunnels and inclines has been done from Niece & West's 
claims for 1^ miles northeast, on the Steep Hollow side. The channel has very little fall, the 
average elevation being 2,620 feet. Over a part of the distance where the direction of the 
river was northeasterly the grade is reversed. It is estimated that 47,000,000 cubic yards of 
gravel has been removed, leaving over 100,000,000 yards available. Much of this, however, 
would be difficult to wash on account of lack of grade. Reports of yield and grade of level are 
not available, but the You Bet diggings have probably produced $3,000,000. 

The Little York gravel area contained a fragment of the old deep channel which has been 
almost completely removed by hydraulic mining. (See PI. XXIII, j5.) The character of 
the gravel is similar to that at You Bet. As usual, the narrow, deep channel contains a hard, 
cemented gravel, 30 or 40 feet thick, capped by as much as 350 feet of fine gravel interstratified 
with some clay and sand. The bedrock elevation is 2,706 feet. Large bowlders of quartzite 
and quartz occur on the bedrock, both in the deep channel and on the benches. The yield 
has probably exceeded $1,000,000. 

DUTCH FLAT. 

The continuation of the deep channel is found at Dutch Flat, and its direction is plainly 
marked by the small intervening bodies of Missouri Hill and Eastman Hill. The principal 
area at Dutch Flat extends ea6t and west for a mile; the gravel has a maximum depth of about 
300 feet, the lower 150 feet consisting of coarse blue gravel, made up largely of metamorphic 
rocks, well cemented and covered by a varying thickness of finer quartz gravel, clay, and sand. 
(See PI. XXI.) In the lower gravel and on the bedrock heavy bowlders are plentiful. The 
channel has a very strong grade, in marked contrast to the level stretch below You Bet. This 
is caused in part by the later tilting of the range, but in part is the natural result of the river 
breaking through the hard gabbro of the Serpentine belt. Hydraulic work has been done 
chiefly at the eastern end at tlie Polar Star mine (bedrock elevation 3,075 feet) and at the 
western end, or Thompson Hill (bedrock elevation 2,848 feet), at both of which places the deep 
bedrock is exposed. At the Polar Star diggings (PI. XXI, JS), a short distance east of Dutch 
Flat, some hydrauUc work has been done in recent years. Little Bear Creek flows about 400 
feet below the mine. The channel forms a distinct trough 200 feet wide. The bedrock is in part 
polished and hummocky, in part soft and decomposed. The well-cemented gravel consists of 
cobbles averaging at least 8 inches in diameter. It contains many bowlders, in part poorly 
washed; some of them are 8 or 10 feet in diameter. There is very little sand and the grade is 
steep, the fall being 60 feet in 600 feet to the well pit in which the gutter is exposed. About 
90,000,000 cubic yards has been washed and a considerably less amount remains. Practically 
the whole extent of the channel has been drifted and the cemented gravel worked in stamp 
mills. The yield is not known but probably exceeds $3,000,000. The Polar Star hydraulic 
gravel is said to average 1 1 cents to the cubic yard. 
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A VIEW LOOKING NORTH FROM ROAD JUST SOUTH OF DUTCH FLAT, PLACER COUNTY. 

The white streak in the middle is washed gravel of the main chanpiel, the bottom of which lies 10O feet below 
the point of observation. Slate ridges of Camels Hump in the distance- Photograph by J. C. Hawvef. See 
page 144. 



HYDRAULIC PIT OF POLAR STAR MINE, PLACER COUNTY. 

el with coarse eravel. Fine quartiose benci" gravel is seen in the distanc 
feet higher. Photograph by J. C. Hawver. See page 144. 
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A. VIEW LOOKING NORTHEAST FROM A POINT NEAR IOWA HILL, PLACER COUNTY. 

lan/on of North Fork of American River. Independence Hill in Ihe middle foreground. Gravels of 

*■ s Gap. Photograph 



Deepest channel lies 103 feet below the w 
the bedrock nearly reaches tlie sky lii 
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INDIANA HILL AND GOLD BUN. 

From Dutch Flat the gravel area contmues southward, narrowing to a few hundred feet 
at Squires Canyon and widening to 3,000 feet near Qo\d Run; its south end, overlooking the 
North Fork of Ameriean River, is called Indiana Hill. Over a large part of Indiana Hill the 
gravel is deep, reaching in places 300 feet or even a maximum of 400 feet. Plates XXII and 
XXm show well the contrast between the deep canyons and the more gentle slopes of the 
Tertiary valley; the present slopes from the gravel areas (showing white) to the ridge summits 
practically represent the Tertiary configuration. 

The upper gravel at Grold Rim consists of closely packed, thoroughly well roimded pebbles, 
of which about one-third are quartz and the rest chiefly soft and decomposed material. In 
places it contains large chunks of white clay that looks somewhat Uke a rhyolite tuff. Fossil 
wood is locally abimdant. Fine fluviatile bedding is seen here and there, as illustrated in 
Plate XXIV, B (p. 150). The bottom gravel in the deep trough at Indiana Hill shows 60 feet 
of coanse, cemented blue gravel, with a large proportion of bowlders of metamcnphic rocks, 
llie lowest trough is hom 300 to 500 feet vdde. The question whether there is a deep and 
continuous channel from Indiana Hill to Dutch Flat is one of much importance. Deep bed- 
rock has been foimd at Jehoshaphat Hill, half a mile south of Dutch Flat, having an elevation 
of 2,877 feet, this part of the channel clearly connecting with Thompscm Hill, a short distance 
northward. In Squires Canyon, where the gravel area narrows to 500 feet and the elevation 
is about 3,050 feet, a shaft is stated to have been simk to a depth of about 150 feet, striking 
pitching bedrock at that depth and showing the existence here of a deep trough having an 
elevation of less than 2,900 feet. If this is correct there is little doubt that a continuous deep 
diannel exists between Indiana HiU (devation 2,792 feet) and Dutch Flat, with a moderate 
grade of 25 feet to the mile toward Indiana Hill. Bedrock has been exposed 1,200 feet farther 
north by the Cedar Creek timnel, and 2,000 feet from Indiana Hill by a txmnel from Canyon 
Creek, run by the Gold Run Ditch and Mining Company. From the former place the bedrock 
is said to slope gently toward Indiana Hill. The so-called Forty-nine shaft was sunk nearly 
to the bottom of the channel between Grold Run and Indiana Hill, but exact data regard- 
ing its elevation are not available. Another shaft, 75 feet deep, was sunk to the bedrock in 
Canyon Creek about halfway between Gold Run and Dutch Flat. Extensive hydraulic mining 
operations were carried on at Gold Run for about 10 years, in which time perhaps $3,000,000 
or more was extracted. Some 84,000,000 cubic yards has been washed off, but a larger quantity, 
estiKnatod at 92,000,000 yards, remains. An area of 555 acres has been washed off to an aver^ 
age depth of 75 feet. At Indiana Hill, where the bedrock elevation is 2,792 feet, the bottom 
gravel was drifted and crushed in mills. The yield per cubic yard of hydraulic gravel is said 
to be 11 cents. Between 1872 and 1874 the drifting ground at Indiana Hill yielded at the 
rate of $9 to the cubic yard of gravel in place. 

ALTA. 

Above Dutch Flat, toward Alta, is the gravel hill of Nary Red, the narrow channel of 
which has been drifted and hydraulicked; the gravel is a medium-fine red quartz, covered 
with rhyolitic clays. The bedrock elevation is 3,300 feet. From this point a channel extends 
in the hill toward Alta. A shaft simk at Alta 35 feet below the railroad found bedrock at 132 
feet. A tunnel extends from Canyon Creek, half a mUe south of Alta, to the shaft, and the 
gravd in the channel is now being worked. The gravel is soft, quartzose, and not cemented. 
From this point a branch channel probably crosses Canyon Creek and extends to Moody Gap, 
east of which the remainder is probably eroded. Another branch extends from Alta eastward, 
probably emerging at Shady Run and having a grade of 100 feet to the mile westward. 

88337^— No. 73—11 ^10 
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covered by very heavy masses of light-colored clay. At Lowell Hill (bedrock elevation 3,829 
feet) the gravel is 30 feet deep, the coarse bottom gravel being covered by finer quartzose 
gravel. The heavy clay banks make hydraulic working difficult. Considerable work has, 
however, been done at the Planet mine. Drifting operations have also been undertaken with 
some success south of Nigger Jack Hill, at the Valentine mine, and farther south opposite 
the Planet at the Swamp Angel. 

REMINGTON HILL AND STEEP HOLLOW. 

Opposite Ijowell Hill lies Remington Hill, at a slightly higher elevation (bedrock elevation 
3,869 feet). Here, also, is an old depression filled with gravel, of which a few acres is exposed. 
The gravel is similar to that of Lowell Hill and is capped by heavy masses of clay. The 
amount excavated is estimated at 1,750,000 cubic yards, while possibly 600,000 cubic yards 
remains. Much of this, however, is heavily capped by clay and volcanic tuff. The channel 
has been found in two tunnels a little to the east, making it possible that the channel comes out 
again at Democrat, another little gravel point separated from Remington by a bedrock spur, 
where hydraulic work has also been done. 

On the point between the forks of Steep Hollow, opposite Democrat, is the small gravel hill 
called Excelsior, doubtless representing the extension of the Democrat channel. To the north 
and northwest of Excelsior the bedrock rises steeply. The channel may have continued 2 miles 
or so farther northeast, but whether it enters under the lava flow or follows the present course 
of Steep Hollow is uncertain. 

ALPHA AND OMEOA. 

On the south fork of the Yuba several important gravel bodies are found. A few small 
points covered with quartz gravel occur southeast of Relief, on the south side of the canyon. 
At Alpha (bedrock elevation 3,852 feet) about 75 acres of gravel is preserved, the pebbles con- 
sisting chiefly of quartz, quartzite, and a hard conglomerate. Some quartz bowlders on the 
bedrock reach 5 feet in diameter, but most of the gravel is light and sandy. The banks are 90 
feet high, including 20 feet of clay at the top. The amount removed is 5,000,000 cubic yards; 
only a fourth as much remains. 

At Omega several hundred acres of gravel is exposed and has been extensively worked. 
The gravel Hes on a flat bench (bedrock elevation 4,028 feet) and apparently extends south- 
eastward under the lava. Its greatest thickness is 175 feet. The bed consists of 150 feet of 
gravel covered by 6 feet of clay, above which is 20 feet of gravel, all showing colors of gold. 
The lowest stratum contains some large bowlders of granite from the Canyon Creek area, but 
the main body is composed of smaller cobbles, up to 6 inches in diameter, quartz decidedly 
predominating. The extent of this channel southward is not definitely known, though a shaft 
was sunk to bedrock on the Blue Tent ditch, cutting good gravel ; its depth is not known. Some 
distance south of Omega is a small gravel flat called Shellback, at a higher elevation; beyond 
this the bedrock rises steeply. Toward the southeast the bedrock also rises, though at a lower 
angle, and gravel is found in places along the rim. At Diamond Creek (bedrock elevation 4,206 
feet) a small body of quartz gravel is exposed, having a maximum thickness of 12 feet, covered 
by a nearly barren Pleistocene morainal bowlder clay. 

Extensive hydraulic operations have removed 12,000,000 cubic yards at Omega, the tailings 
being discharged in Scotchman Creek through a 3,000-foot bedrock tunnel. Apparently 
reliable calculations give 13^ cents as the yield per cubic yard, the lowest gravel, of course, 
being much the richest part of the deposit. About 40,000,000 cubic yards is estimated to be 
still available for hydraulic mining. 

PHELPS HILL, CENTENNIAL, AND SAN JOSE. 

Tliere are many uncertain and puzzling features at Phelps Hill and the Centennial and 
San Jose shafts. At Phelps Hill, at an elevation of about 4,060 feet, 16 to 30 feet of gravel is 
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whicli b cemented, was 5 feet deep and 75 feet wide. Mining was still progressing here in 1901. 
The mine is believed to have produced $2,000,000 or more by drifting and hydraulicking. 

Below Forest Hill a number of smaller depressions called "front channels" were worked 
many years ago from the Jenny lind and New Jersey tunnels. The main channel has been 
reached by the Baltimore tunnel and Excelsior slope, but some drifting ground still remains 
between these points and the Mayflower. The ground in this vicinity is supposed to have pro- 
duced $5,000,000, about $1,500,000 being taken from a strip of ground in the New Jersey claim 
800 feet long and 300 feet wide. These channels undoubtedly belong to the intervolcanic 
epoch. 

From the Mayflower tunnel, 4,740 feet long, the main channel has been worked, chiefly 
from 1S88 to 1894, for a distance of 3 miles, connecting it with the Paragon workings. {Se» 
PI, XXV.) A bed of gravel from 2 to 14 feet thick, having an average width of 75 feet, was 
removed from the bedrock. The yield has been approximately $1,500,000, or $7 to the ton of 
loose gravel delivered. Two-thirds of the bottom gravel was found to pay for extraction. 
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(See fig. 12.) Between the Paragon and the Mayflower, in the bend, is a narrow gorge 1,000 
feet long, where the channel is only 25 feet wide and poor in gold. An "upper lead" or streak 
of gravel inclosed in the rhyolitic tuff, 150 feet above the bedrock, and paying for drifting, is 
said to exist along the Mayflower channel as well as at. the Pardon at Bath, but it has not yet 
been worked to any extent. Little work is being done at present on the main channel at the 
Mayflower. 

The same channel has been worked from the Paragon mine to a distance of 6,800 feet north. 
The width of gravel breasted is 50 feet, the depth 2 to 7 feet, the yield per ton dehvered at the 
surface $10, and the total yield by hydraulicking $500,000 and by drifting $850,000. At the 
Paragon there exists an upper streak of pay gravel 150 feet above the bedrock; this was fol- 
lowed for 2,000 feet until cut off by a channel of intervolcanic erosion filled with andesitic tuff, 
The width of this upper lead was 225 feet, the depth of noncemented pay gravel 6 feet, and the 
yield per ton of loose gravel $4.50. The total yield was $900,000. The mine has been operated 
for 36 years, and the channels are said to be nearly worked out. 



152 TEBTIABT GBAVELS OF THE SI£BBA NEVADA OF OALIFOBNIA. 

MICHIGAN BLUFF AND BYBDS VALLEY. 

A portion of what is doubtless the same channel has been preserved at Michigan Bluff, 
where the bedrock elevation is 2,320 feet. * The deposit, which covers about 40 acres, is com- 
posed of pure quartz gravel; on the bedrock lie huge rounded quartz bowlders. Some 6,000,000 
cubic yards has been removed and a smaller quantity remains. The yield is reported to have 
been $5,000,000, some of the ground being exceedingly rich. The deposit bears the character 
of bench gravel. At Sage Hill and Byrds Valley a long, narrow channel, with strong south- 
west grade, is preserved ; its outlet at Sage Hill is somewiiat lower than Michigan Bluff. It has 
been worked to some extent, but is not so rich as that at Michigan Bluff. Much coarse, rough, 
and crystallized gold was found here as well as in Mad and Lady canyons. 

HIDDEN TREASURE WHITE CHANNEL. 

At Edwards Hill a small patch of partly volcanic gravel has been worked. From this point 
north a number of small gravel points appear along the brink of Eldorado Canyon, most of which 
belong to intervolcanic channels. At Gas Hill, however, there is a patch of the same quartz 
gravel as is exposed at Michigan Bluff. Immediately to the north it is eroded by deeper volcanic 
channels, but between Hidden Treasure and Damascus a nearly continuous prevolcanic channel, 
having a southward grade of 70 feet to the mile, has been found under the lava cap. This is a 
wide, flat channel, with fairly soft clay slates as bedrock, and it is filled about 200 feet deep 
with uncemented quartz gravel, sand, and clay. The material is decidedly finer than that of 
the Bath-Mayflower channel, though some quartz bowlders may be found on the bedrock. It 
is cut off by two deeper intervolcanic channels, one a mile south of Damascus, another 1^ miles 
north of Sunny South; between these a fragment of the old "white*' channel remains. This 
channel has been worked for 30 years. It was first found at Damascus, where the bedrock eleva- 
tion is 3,944 feet, and was drifted on to the point where it is cut off by the intervolcanic channel 
mentioned. The yield of this part is reported to be $6,000,000. From Sunny South, 3^ miles 
farther south, where the bedrock elevation is 3,644 feet, the Hidden Treasure Co. has worked 
the deposit for 7,700 feet northward. The width of gravel breasted was 250 feet; the depth 
4 to 7 feet, including 1 foot of bedrock; the yield of loose gravel delivered from 50 cents to $1.75 
a ton. The working costs, which are unusually low, approximate 50 cents a ton. The gold is 
coarse and well washed. Nuggets of a value of 10, 25, and 50 cents are fairly common. The 
total yield to 1890 was $1,150,000, and up to 1898 probably nearly $2,000,000.^ Since that time 
the operations at Sunny South have been discontinued. Another tunnel has been started at 
the Dam claim, 1 mile farther north, and proved that only a small strip of the white channel 
was cut through by the later intervolcanic channel. The gravel of Hidden Treasure was found 
again beyond it, and has been successfully mined up to the present time (1907). In places the 
channel widens to 800 feet, with rims rising very gradually to a height of 16 feet above the low- 
est depression. At the same time it swings somewhat northwestward, and thus the original 
estimate of the probable amount has been greatly increased. Plate XXV gives a longitudinal 
section of the workings according to Ross E. Browne's map, in the Tenth Report of the State 
Mineralogist. 

LONG CANTON. 

The broad ridge between the Middle Fork of American River and Long Canyon, partly in 
the Placerville quadrangle, is covered by very heavy accumulations of gravel, rhyolite, and 
andesite. North and south of this ridge the bedrock rises steeply, and the configuration of the 
ridge shows that below it Ls a deep trough representing a very important Neocene river course. 
There is no doubt whatever that tliis channel forms the eastward continuation of that which 
enters the ridge at Bath and which once ran a little south of Michigan Bluff. The bedrock 
relations alone are sufficient to prove this, but besides there exists a most strildng similarity 
between the deposits at Bath and those on the Long Canyon divide. The outlet of this channel 
is located at the Ralston diggings (Pat Goggin's mine), where the bedrock elevation is 3,475 
feet. From this point the channel makes a curve and lies in the Placerville quadrangle for a 

1 The total produetton of the mine ap to 1910 is about 13,500,000. 
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short distance. Again entering the Colfax quadrangle, it must continue below the volcanic 
maaseB in a northeasterly direction. Its identity with the channel of French Meadows and 
Soda Springs (in the Truckee quadrangle) is indicated beyond all doubt. At no place between 
Ralston's and Soda Springs, however, is the bottom of the channel exposed. There appears to 
be but little prevolcanic gravel on the Long Canyon divide. Most of the gravel is interstratified 
with rhyolitic tuffs, forming a series 160 feet thick at Ralston's and at least 250 feet thick at 
Kacksmith Flat, 4 miles to the east on the southern slope of the ridge, where the bedrock eleva- 
tion is 3,800 feet. Hydraulic operations have been carried on successfully to some extent at 
Ralston's and at Blacksmith Flat. The gravd everywhere contains granite bowlders, indicating 
that the stream came from the higher part of the Sierra Nevada. At many places along the 
south rim in Long Canyon, northeast of Blacksmith Flat, small mining operations have been 
carried on. At Russian Ravine the surface gravel was hydraulicked with excellent residts. In 
addition to those at Ralston's, small operations have been carried on in Brushy Creek, at the 
north side of the ridge, and also at a point 1^ miles nortb of Russian Ravine. At the latter 
place, at an elevation of about 4,500 feet, it is believed that an inlet exists near the point where 
the tributary from Duncan Peak entered the Long Canyon channel. The gravel at Hub place 
is 150 feet thick and contains large bowlders of quartz and metamorphic rock. It is covered by 
heavy masses of rhyolitic tuff. The gold in the gravels embedded in the rhyolitic series is 
generally fine. 

Extensive prospecting operations of recent date show that the main channel on the Long 
Canyon divide is broad and flat and that the gravels cover large areas but are generally of 
low grade. Intervolcanic channels do not seem to exist. Hydraulic operations were in 
progress in 1891 at Raiston's (Pat Goggin's mine) and at Ljrnchburg, about 3 miles to the 
southeast, on the southern slope of the ridge. 

CONNECTIONS OF THE CHANNEL SYSTEMS. 

The general Neocene drainage system of this quadrangle has been roughly considered 
(pp. 134-135), but it remains to indicate in a more detailed way the connections of the channels 
of the southern part of the area with those of the region between Dutch Flat and North Columbia. 

A river corresponding roughly to the present Middle Fork of the American had its source 
near Castle Peak, in the Truckee quadrangle, thence flowed across to Soda Springs and approxi- 
mately followed the course of the present Middle Fork, entering this quadrangle along the line 
of the present ridge between Long Canyon and the Middle Fork and at the southern portion of 
thia ridge curving into the Placerville quadrangle. It reentered the Colfax quadrangle a few 
miles farther west, and the channel emerges from under the volcanic capping at Ralston's. A 
tributary from the Duncan Peak region joined it with a general southerly direction. From 
Ralston's much of the channel is eroded, but it may be regarded as certain that the main channel 
continued westward, touching Michigan Bluff and Sage Hill and here receiving an important 
tributary running nearly due south from Damascus. The deposits of this tributary channel are 
preserved below the lava ridge between Damascus and Gas Hill. Near €ras Hill it received a 
tributary from Last Chance and Dead wood. 

East of Michigan Bluff the channel is eroded, but its continuation is found at Bath, whence 
the main channel ran through to Mayflower. Here it made a wide curve and ran southward 
to Forest Hill and DardaneUes. Thus far the general course is outlined without uncertainty, 
but from this point on the difficulties begin. The main channel is broad and well defined and is 
marked by its heavy deposits of gravel and clay. Under the southwestern prolongation of the 
Forest HiU lava ridge nothing has thus far been found iniiich would indicate that the main old 
river flowed down in this direction. It is true that a narrow channel of the intervolcanic epoch 
extends down in this direction, but the intervolcanic channels were notably independent of 
the older and main drainage basins, being excavated after a large part of the old river basins had 
been filled by accumulations of silt and volcanic mud, and probably also after the tilting of 
the Sierra Nevada had taken place. Their direction thus affords no criterion of the prevolcanic 
drainage lines. It would certainly seem as if some fragments of the accumulations of the old 
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channels would have been preserved southwest of Dardanelles had the channel taken this course. 
The gravels exposed at Todd VaUey offer no solution of the problem, for they are at a higher 
level and evidently represent a bench filled with gravel after the clogging of the main channel. 

The following solution of this problem is advanced as being most plausible: It is believed 
that the old channel of the Forest Hill divide emerges at Yankee Jim and Georgia Hill and 
trends northward to Wisconsin Hill, thence through the lava ridge and curving eastward to 
the Morning Star mine, thence to Iowa Hill, crossing the canyon of the present North Fork of 
American River to Indiana Hill, and thence northward to Dutch Flat, beyond which its course 
has already been established. This hypothesis in the first place necessitates the existence of a 
deep and continuous channel between Dutch Flat and Indiana Hill. That such a deep channel 
exists appears now very probable and may be regarded as certain if the developments south of 
Dutch Flat show the existence of a deep trough at this place, which it has been asserted was 
found by the explorations. One of the principal difficulties appears to be the fact that the 
gravel at Georgia Hill and Yankee Jim differs somewhat in character from that of the Mayflower 
mine and Forest Hill. This may be explained by the fact that the river near Yankee Jim 
spread over a larger and flatter bottom, which would naturally influence the character of its 
deposit. 

The difficulty which at first glance appears to be insurmountable — that of the grades — on 
closer examination converts itself into an argument in favor of this hypothesis. From Dar- 
danelles to Yankee Jim is a slight grade which is suflScient for the requirements. From Yankee 
Jim to Wisconsin Hill the channel would at present have a slight upward grade. From Wis- 
consin Hill to Iowa Hill it is apparently approximately level. From Iowa Hill to Indiana 
Hill it has a slight southward grade, and similarly from Indiana Hill to Dutch Flat is a grade 
which, though slight, is opposite to that which the river, according to this hypothesis, would 
h^ve had. 

From Yankee Jim to Dutch Flat the Neocene river would have pursued a nearly due 
northerly course. Now it is Ukely that this river from Yankee Jim to Dutch Flat had originally 
a very slight grade northward, similar to that of the Neocene river between You Bet and 
North Columbia. Examinations of channels in other parts of the Sierra Nevada have shown 
the occurrence of a tilting movement which has affected the grades of the channels according 
to their direction. Channels running from north-northwest to south-southeast, or the reverse, 
have retained their original slight grade. Those running in a more westerly direction have had 
their grades materially increased by the tilting. On the other hand, those flowing in a more 
easterly direction from this axis of tilting have had their grade decreased or even reversed. A 
close examination of the elevations of Indiana Hill, Dutch Flat, Iowa Hill, Wisconsin Hill, and 
Yankee Jim will show that in fact the present levelness or slight southward grade of the chan- 
nel is exactly what would have resulted if the Neocene river, with a northerly course, had 
participated in a westward tilting of the block of the Sierra Nevada amounting to about 60 or 
70 feet to the mile. 

If this hypothesis is true it solves, in an exceedingly satisfactory way, a number of the 
perplexing problems which were presented by the enormous accumulation of gravels in the 
drainage of the old Yuba River. It increases vastly the drainage area of the Neocene stream, 
which, as now outlined, extends from the headwaters of the North Fork of the Yuba. Tlie 
waters of all this territory found an outlet through the narrow channel from North San Juan 
to Smartsville. In the central part of this drainage area longitudinal depressions existed, 
bordered on the west by the high diabase (idges of the foothills. All these conditions naturally 
tended greatly to increase the accumulation of gravels. What has formerly been supposed to 
be the North Fork of the Neocene American Kiver now becomes the South Fork of the great 
Neocene Yuba River. The Neocene American River is reduced in size and consists only of 
the stream coining down from Pyramid Peak by way of Placerville. 
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INTEBVOLCANIG CHANNELS. 
FOREST HILL DIVIDE. 

During a rather long interval between rhyolitic and andesitic flows new channel courses 
were established. A disturbance had taken place that increased the slope of the Sierra Nevada, 
and the streams began active cutting. Thus on the Forest Hill divide there exists a complicated 
system of narrow, deep channels, which in many places have destroyed the old ones. These 
intervolcanic channels, often called cement channels, belong to at least two systems. The 
younger channels are characterized by a large amount of coarse volcanic gravel, rarely con- 
taining much gold, and were formed after the first andesitic flows had already invaded this 
region. The older channels carry thin, mixed metamorphic and volcanic gravel, rarely more 
than 10 feet thick, there being no gravel at all along certain parts of the streams. This gravel 
lies on the bedrock and is covered by a series of flows of andesitic tuff, the lowest usually fine 
grained and referred to as ''chocolate" or ''cement;" the upper flows consist of the usual 
tuffaceous breccia. Strata of gravel and sand of mixed character, volcanic and metamorphic, 
are found in many places interbedded with the andesitic tuff. Wherever the intervolcanic 
channels have robbed the old channels they are likely to be rich, though of irregular value. 
Some of them, however, have been found unexpectedly poor. The gold they contain is usually 
coarse. Locally the upper gravels in the andesitic tuff carry gold, though as a rule not enough 
to pay for drifting. Some of the volcanic channels have not only cut through the old channels 
but have eroded small canyons in the bedrock up to a depth of 150 feet. One of the most 
conspicuous of these crosses Volcano Canyon and is exposed by the Hazard shaft. The grade 
of these channels is always steep, usually from 70 feet to the mile upward. 

A whole channel system belonging to this period is buried below the lava of the Forest 
Hill divide. The principal channel can be traced almost continuously from the Weske tunnel, 
above Michigan Bluff, dowTi to the outlet at Peckham Hill. It cuts the old channels at several 
places and receives numerous tributaries, preserving throughout the same character of a deep 
erosional channel, here barely reaching the bedrock, there cutting deeply into it. At Peckham 
Hill and the Blue Gravel shaft (214 feet deep), in the PlacervUle quadrangle, it has been opened 
but apparently does not pay. For 2^ miles north of Peckham Hill its bottom has not been 
exposed, but it has been opened by the Gray Eagle tunnel from Owl Creek, 2,500 feet long, 
and by a shaft 360 feet deep. The elevation of the tunnel portal is 2,300 feet. Though some- 
what too high the tunnel has followed the channel upstream for several thousand feet. The 
pay is spotted, the gravel thin, though in places rich. A mile to the northeast from the Gray 
Eagle it has been opened by the Centennial slope, where the bedrock of the channel lies at 
2,461 feet. 

The Dardanelles channel was cut off about 2,400 feet north from its inlet by the main 
intervolcanic channel, which here is 100 feet lower than the prevolcanic channel and has been 
worked upstream for about 300 feet. 

In the Mayflower mine the intervolcanic channel is again exposed; it is here called the 
Orono and has cut down to about the level of the bedrock in the Mayflower channel. (See 
fig. 12, p. 151 ; PI. XXV, p. 150.) From this point it has recently been worked for a distance of 
2,000 feet through the Mayflower tunnel. Again, a little below the month of the Mayflower 
tunnel a channel called the Live Oak crosses Brushy Canyon at a lower elevation than the 
Mayflower. This has been drifted on northward for 2,000 feet; to the south it probably joins 
the Orono channel. Below the volcanic capping between the forks of Brushy Canyon are 
several smaller intervolcanic channels, such as the Adams, Nil Desperandum, Westchester, 
Blackhawk, and Wassen; the relations of these are little known. 

Farther east the main channel is again found in the Paragon mine, where it has not quite 
cut down to the bottom of the old channel. It is exposed also where it crosses Volcano Canyon, 
in which the Hazard shaft has been' sunk 180 feet. The bedrock elevation of the channel is 
here 3,156 feet. The narrow channel was followed westward for 3,000 feet and some rich gravel 
Was found. Above the channel has not been exposed for about 2 miles, though a deep tunnel 



156 TEBTIABY GRAVELS OF THE SIERRA NEVADA OF CALIFORNIA. 

from a point near Michigan Bluff has been proposed. But above this stretch it has been 
drifted for over 5,000 feet in a westerly direction from the Weske tunnel^ the portal of which 
has an elevation of 3,356 feet. The channel itself is being drifted downstream and stopes 
and pumps were necessary. The bedrock elevation half a mile from the portal, m the tunnel, 
is about 3,300 feet. In spite of difficult working conditions this enterprise yielded excellent 
returns, producing approximately $750,000. The Weske channel is at most 100 feet wide, 
and in it compact andesite tufif overlies the thin gravel. The bedrock is smooth and hard. 
The grade is steep, with many sharp descents and potholes. Several tree trunks were found 
standing upright in the tuff. 

A smaller intervolcanic channel, filled with heavy volcanic gravel, crosses the Weske 
channel near its inlet and thence continues some distance north. It has not been worked to 
any extent. About a mile north of the Weske channel a small old stream bed has been worked 
to some extent from the Bowen and Oro tunnels. The Oro is about 2,500 feet long. 

Above the Weske tunnel, confronting Eldorado Canyon, there are a nimiber of smaller 
gravel hills, most of which have been hydrauUcked. Among these are Drummonds Point, 
Eldorado Hill, and Bachelor Hill. The gravel at all these places appears to belong to the 
intervolcanic epoch, and the deposits evidently form part of a somewhat compUcated channel 
system, near the point where the channels from Deadwood join those coming down from the 
main ridge. It is probable that the channel on which the Oro tunnel is driven finds its way 
down below the level ridge on the west side of the Hidden Treasure tunnel, but it has not been 
exposed north of the Oro tunnel. 

A narrow intervolcanic channel, carrying heavy volcanic gravel and apparently barren, runs 
north for some distance from Sunny South, pardlel but a little east of the Hidden Treasure 
channel. At Sunny South it hias cut across the Hidden Treasure channel, obliterating it and 
eroding some distance into the bedrock below. This is the reason why no quartz gravel can 
be seen cropping out at Sunny South. About a mile south of Damascus the Moimtain Gate 
channel (see PI. XXV, p. 150) was cut off by a deeper intervolcanic watercourse, eroded to a 
depth of about 150 feet below the older channel. This so-called blue channel was drifted from 
the Mountain Gate tunnel, producing $175,000. A little over 2 miles north of Sunny South 
the same old channel is cut to 30 feet below the bedrock by another intervolcanic channel. 

The Dam channel, though narrow and irregular, has been drifted for 2,500 feet northwest 
of the point where it cpsses Eldorado Canyon. The Mitchell claim, on the same channel, has 
also been worked for a distance of 2,000 feet. Still another intervolcanic channel, called the 
Bob Lewis channel, has been worked for a thousand feet south of its inlet on the east side of 
the Mountain Gate channel at Damascus. The principal intervolcanic channel, which prob- 
ably continued from the Oro to the blue channel of the Mountain Gate tunnel, has also been 
exposed at Red Point. 

BED POINT MINE. 

The Red Point mine is situated on the slope tov/ard the North Fork of American River, 
1 mile east of Damascus. The elevation of its tunnel at the portal is 3,875 feet, or 2,000 feet 
above the river. An excellent description of this enterprise has been furnished by its superin- 
tendent, Charies F. Hoffmann.* 

The deposit is a narrow intervolcanic channel, first found in the Golden Gate mine, near 
Damascus, and continuing eastward underneath the cap of andesitic tuff for a distance of about 
8 miles. The channel carries pay gravel onl}" in a part of this distance. 

The Red Point channel has cut through the older '* white" channel of Mountain Gate to 
a depth of 90 feet below its bedrock. The later channel was worked through a winze for a 
distance of 1,400 feet upstream and downstream, and its course was established as nearly at 
right angles to the white channel. The Red Point tunnel is 1,840 feet long, and from the place 
where the upraise struck the wash the channel has been worked by the Gold River Mining Co. 
(a French corporation) for 500 feet downstream to the west and for 12,000 feet upstream. 

1 The Red Point drift gravel mine: Trans. Tech. Soc. Pacific Coast, vol. 10, No. 12, January, 1904. 
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The production from January 1, 1884^ to December 31, 1892, was 140,345 carloads of 22 cubic 
feet each, yielding $308,245, or $2.20 a carload. A distance of 5,073 feet yielded at the rate 
of $71.65 a running foot. The total expense per carioad was $1.64. The production of the 
mine from 1893 to 1903, when it was closed, was about $700,000. 

The channel occupies a typical river bed, with all its windings, bars, potholes, etc. ; seyeral 
islands have been encoimtered, rising 12 or 14 feet above the bed. Three large potholes were 
80 to 120 feet long, 50 feet wide, and 9 to 14 feet deep. The bottom width of the channel is 
from 75 to 650 feet, averaging 200 feet. The grade is about 70 feet to the mile. From a point 
near the tunnel where the elevation of the bedrock is 3^860 feet the elevations increased along the 
channel to 4,065 feet 2} miles to the east-northeast. The potholes were foimd in hard rock. 
The soft rock is more uniformly graded and has a level surface. The bedrock is a clay slate, 
with some calcareous schists and sheets of diabase and diorite; quartz veins were also found, but 
proved unprofitable. The gravel consists of bowlders of metamorphic rocks and porphyries, with 
but little quartz; it is not cemented, but rather soft and of grayish color when dry. The depth 
ranges from a few inches on the rim to 7 or 8 feet in the center of the channel. Hard andesitic 
tuflf with volcanic bowlders immediately overlies it. Much of the gravel is coated with minute 
quartz crystals. The coarse gold constitutes 16 per cent, medium-size gold 48 per cent, fine 
gold 36 per cent, and ''powder" (passing through 40-me8h screen) 0.32 per cent« The fineness 
averages 933. The distribution of the gold is irregular, but most of it is found on the bedrock, 
though in some sections it is mostly in the gravel above. The richest spot in this mine was 
found in a layer. of gravel 6 to 12 inches above bedrock. Gold is also found in paying quan- 
tities in an upper layer 10 to 40 feet above bedrock. The gold dust lodges in small pockets or 
cracks in the bedrock to a depth of 1 foot or more. The lowest rut in the channel contains 
veiy little gold; the bulk of it is thrown on the sides or on higher rock. 

EUREKA TUNNEL. 

About a mile northeast of the Dam tunnel of the Hidden Treasure Co. is the Eureka tunnel, 
which some years ago was driven about due west for 4,223 feet, vnth the expectation of striking 
an intervolcanic channel. The elevation of its portal is 3,820 feet. At a distance of 4,223 
feet from the portal heavy andesitic wash was entered. The gravel of this volcanic channel 
was poor in gold. 

HOGSBACK AND CANADA HILL. 

Toward the higher region of the Sierra, where accumulations of prevolcanic gravel were 
small or did not exist at all, the difficulty of distinguishing between prevolcanic and intervol- 
canic channels becomes greater. Strictly speaking, all the channels in this higher region must 
be considered as belonging to the latter group, as some erosion necessarily took place in all of 
them in which bedrock was exposed. In going up toward Duncan Peak we find in general that 
the grades of the channels increase and that they assume more and more the character of narrow 
tributaries or gulches. 

It is believed that the Red Point channel continues up the ridge. It has indeed been 
exposed at the Hogsback tunnel, 5J miles northeast of Red Point, the elevation of the portal 
being 4,324 feet. The tunnel runs south-southwest for 2,500 feet, exposing a veiy deep and 
narrow gorge, with steep westerly grade, and contains very little gravel. The bedrock eleva- 
tion is about 4,500 feet. Though yielding some gold the channel was not found to pay. The 
inlet of the Hogsback channel is probably found at the low place half a mile north of Secret 
Canyon House. About a mile south of the Hogsback channel another deep Tertiary ravine 
has been exposed at the Greek mine and at Black Canyon, between which it is probably con- 
tinuous. The Black Canyon channel has been worked for 700 feet eastward; it is narrow and 
very steep, having a grade of 7 feet in 100 feet, with several abrupt falls. Tlie bedrock eleva- 
ticm is 4,768 feet near the shaft. On the bedrock rests a few feet of coarse gravel, containing 
very coarse gold. Above this lies 50 feet of andesitic tuff, gravel, and sand interstratified. No 
volcanic pebbles were seen in the gravel and the channel probably belongs to the prevolcanic 
period. The cost of working is necessarily very high. Near Canada Hill another steep, narrow 
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channel has been exposed, wliich appears to have a very sharp northeasterly grade. This 
channel probably crosses Sailor Canyon, entering the Truckee quadrangle, and then joins the 
main channel, which approximately follows the Middle Fork of American River near French 
Meadows. The west end of the Canada Hill channel is not covered by volcanic rocks but by 
heavy morainal detritus. A short distance eastward the volcanic rocks begin, and at the Reed 
mine, half a mile east of its west end, they cover it to a depth of about 100 feet. A few feet 
of poorly washed gravel is found in the bottom of the channel, above which is a few feet of clay 
containing carbonized wood. Above this lies a Uttle ma-ssive rhyoUte covered by heavy masses 
of andesitic breccia. This channel has been successfully drifted and in places hydraulicked as 
far as the point where it enters the high volcanic ridge. It is believed to continue with steep 
grade underneath this ridge, and its outlet has probably been found at the Sailor Canyon mine, 
2 miles northeast of Canada Hill. At this place bedrock tunnels have shown the existence 
of a narrow channel containing angular, poorly washed gravel covered with a dark clay. The 
relations are somewhat obscured by considerable masses of morainal material. 

DEADWOOD RIDOE. 

Deadwood Ridge is crossed by channels belonging to both the earlier and later epochs, 
which have been worked for a long time but are not yet exhausted. The older channel enters 
the ridge on the east side near the Devils Basin at an elevation of 3,945 feet, while its outlet 
is located just west of Deadwood at an elevation of 3,706 feet, both figures being taken from 
a special survey made for J. O. Whitney, and connected with the work of Ross E. Browne on the 
Forest Hill divide. The distance is about 2 miles, giving a grade of 120 feet to the mile, the 
direction being west-southwest. This channel is characterized by thicker bodies of gravel 
containing chiefly quartz and metamorphic rocks, and has not been extensively worked. 

A number of small intervolcanic channels exist, with as yet doubtful connections. In all 
of these the gravel is thin and directly covered by andesitic tuff. From the Devils Basin on 
the east side the Basin channel has been worked for about 1,000 feet westward. This is believed 
to be the same as the Elkhom-Washington channel, which has been worked for several thousand 
feet eastward from the Washington tunnel, 4,000 feet north of Deadwood, the elevation at the 
end of the workings about the center of the ridge being 3,768 feet. About 4,000 feet south 
of this point the Rattlesnake intervolcanic channel has been worked through the ridge for a 
distance of 7,000 feet, from the Rattlesnake inlet on the east side (elevation, 3,765 feet) to the 
Hornby tunnel on the west side (elevation, 3,525 feet). The intervolcanic channels are about 
150 feet deeper than the pre volcanic stream bed. • 

LAST CHANCE. 

At Last Chance several channels are known to occur and have been drifted for considerable 
distances, although leaving some ground as yet unopened. As at Deadwood, there is a pre- 
volcanic channel and several intervolcanic channels. Both classes follow approximately the 
same course, though the intervolcanic channeh are about 24 feet lower than the others. The 
gravel and its covering material are similar in character to those at Deadwood. The upper 
continuation of the Last Chance channels may probably be found at American Hill, on the 
ridge between Lost and Antone canyons. The outlet lies at an elevation of about 4,200 feet 
opposite Devils Basin, and the inlet of the channel is at Startown, about 2 miles to the east- 
northeast, at an elevation of about 4,400 feet. 

DUNCAN PEAK. 

Below the volcanic areas south of Duncan Peak narrow and deep channels have been 
found, which, however, have not yielded much thus far. One of these extends from Flat 
Ravine, where the bedrock elevation is 6,000 feet, southward for IJ miles It has been opened 
by tunnels at both ends and worked to some extent. Another channel is exposed by the 
Abrams tunnel, on the west side of Duncan Canyon. This branch probably joins that from 
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Flat Ravine and, crossing under the lava ridge between Duncan Canyon and the Middle Fork 
of American River, becomes a tributary of the main Long Canyon channel. The andesitic 
tuff lies almost on the bedrock. There is very little gravel in these Neocene gulches. Depres- 
sions indicating channels also exist below the andesite areas of Big Oak Flat. 

QTJATEBXABY GRAVELS. 

• 

The Neocene gravels derived their rich contents of gold from the disintegration of quartz 
veins. The Pleistocene gravels, still richer, though of less extent, derived their gold not only 
from the continued disintegration of the quartz veins but also from that stored up in the older 
Neocene channels as they were gradually destroyed during the process of Erosion. As is well 
known, the Pleistocene gravels were the first to be mined after the discovery of gold in California. 
The miners followed up each stream, and wherever prospects appeared to be good washed the 
low bars with water easily obtained from the river. A Uttle later the higher benches, up to 100 
feet above the river, were attacked. In the same manner each stream was followed up, in 
case it proved to be valuable, and its gravels, wherever occurring, were washed. 

All these Quaternary gravels are now practically exhausted, and some have been washed 
over two or three times. A few Chinese are stiQ washing the bars of the Middle Fork and 
South Fork of the Yuba, either in a primitive way, by rockers, or by wing dams and sluices. 
Occasionally small patches of gravel not yet mined are found along the river sides. 

Practically all the ravines in the western two-thirds of the quadrangle have been mined to 
a greater or less extent. The only barren region is that east of a line drawn from Graniteville 
to Emigrant Gap, and thence to Monumental Hill and the mouth of Big Valley. Even within 
this area gold placers have been found on upper Fall Creek, about a mile above the crossing 
of the* road from Bowman Lake to Emigrant Gap. A little gold has also been washed near 
the summit of Grouse Ridge. The Quaternary gravels of Bear River, Greenhorn River, and 
Steep Hollow have been extensively washed but are now buried below tailings. (See PL 
Xm, p. 78.) 

Along the North Fork of American River bars were numerous and rich as far up as Humbug 
Bar. At Green Valley, south of Towle, and at Hayden Hill mining operations have been 
successfully carried on until recently. Above this point the gravels were generally poor, though 
some have been washed &> high up as Sailor Canyon. 

The Middle Fork of American River was noted for its rich gravels, which extended up 
to a point south of Micliigan Bluff. The vicinity of Gray Eagle Bar and American Bar was 
noted for its important gravel mines during the 10 years following the discovery of gold. Some 
work is even now carried on there. At one point the river makes a wide bend and a tunnel 
has recently been run with the expectation of draining this curve and mining the gravels 
exposed, which are believed not to have been reached by the old miners. 

The North Fork of the Middle Fork contained gold up to its head near Canada Hill, while 
the main Middle Fork is reported to have been relatively poor, though not barren, from a point 
east of the Ralston mine. Dredging has recently been proposed as a means of working the 
remaining gravels, which have been covered by d6bris from the hydraulic mines, and plants 
of this kind have been projected for use on Bear and Greenhorn rivers. The hardness and 
unevenness of the bedrock is the principal obstacle. The small amount of gold in the tailings 
from hydraulic mines is gradually being concentrated by the rivers and much of this gravel 
will undoubtedly be worked over by dredging or some other process. 



CHAPTER 13. THE TRUCKEE QUADRANGLE. 

OENERAIi OEOLOOT. 

The Truckee quadrangle covers the first summit of the Sierra Nevada west of Lake Tahoe 
and parts of the great depression of Lake Tahoe and the Truckee Valley and of the second range 
between Lake Tahoe and the Nevada deserts. 

The prevailing rock of the ^^ Bedrock series" is granodiorite and allied intrusive masses. 
Along the western margin of the quadrangle lie slates and quartzites of Jurassic or Triassic age, 
with some old augite andesites (augite porphyrites) of the same period. These sedimentary 
masses are greatly disturbed and cut by the intrusive granitic rocks. The eastern range is 
mainly granitic, but only small exposures of the rock are contained in this area. 

The whole of the Thickee Basin, the larger part of the eastern range, and almost all of the 
higher ridges on the western slope are covered by Neocene andesites. Rhyohtes underlie the 
andesites on the western slopes. 

GOLD-BEARIXG AREAS. 

The quadrangle is very poor in gold-bearing deposits. The granitic rocks are almost 
entirely barren, as are the Tertiary lavaa. Some gold-quart2 veins are found near the western 
mai^in. At Meadow Lake auriferous vdns with much pyrite and tourmaline are contained 
in granodiorite and augite porphyrite. There are some prospects on Snow Mountain and south 
of it iu the augite porphyrite. The richest area of the ^'Bedrodc series" lies near Sailor 
Canyon and constitutes the eastern part of the Duncan Peak and Canada Hill district, in 
the adjoining Colfax quadrangle. The total production is very small. 

TERTIARY AURIFEROUS ORAYEIiS. 

Auriferous gravels of Tertiary age are exposed only to a very minor extent m the Truckee 
quadrangle. Shallow gravel containing coarse gold has been found in the deep depression 
under the rhyolite near the head of Sailor Canyon, at the western boundary of the quadrangle. 
On the opposite side of Sailor Canyon, at the place called SaOor Meadows, similar deposits have 
been found. The gravels are developed by means of tunnels nm into the bedrock. 

At Chalk Bluffs, on the Middle Fork of American River, about 4 miles above French Mead- 
ows, an inclined shaft was sunk some years ago for a distance of 400 feet, with the intention 
of reaching the bottom of the gravel channel known to exist imder the ridge north of the river. 
It is said that good prospects were found, although the bottom of the channel was not reached. 



QUATERNART AURIFEROUS ORAVEL.S. 

As this rc^on lies outside of the gold belt proper. Quaternary auriferous gravels of economic 
importance occur in only a few places, though by panning colors may be obtained from many 
creeks in the area. Sailor Canyon has rielded a considerable amount of gold, especially near its 
junction with American River, in the Colfax quadrangle. Some gold has also been found in 
the upper part of Dimcan Canyon and in the Middle Fork of the American below French Mead- 
ows. The two branches of Long Canyon, which in the adjacent Colfax quadrangle are in places 
rich in Ri>ld, apj>ear in this area neariy barren. The gravel bars along Rubicon River, from a 
point north of MoKinstry Peak down, contain a small amount of fine gold. 

TERTIARY TOPOGRAPHT. 

The Tertiary surface of the Tnickee quadrangle was of mountainous character. On the 
whole it sloptxl gradually westwanl from a summit line which practically coincided with the 
present water parting, aiul more steeply to the east of this divide down to a level of about 6,000 
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feet. Thence eastward the old slope is covered by andesite. The old divide has at present 
elevations of 7,000 to 8,000 feet. The Tertiary surface to the west of the divide appears to have 
been an irregular table-land, with a few flat-topped peaks rising above it. Among these, Snow 
Mountain and McKinstry Peak are the most prominent and are believed to form a paH of the 
older, Cretaceous crest Une of the range. In this table-land the watercourses had cut valleys 
which were broad and deep though not so sharply defined as the canyons of the present time. 

A strongly marked depression began in the vicinity of Fordyce Dam and extended in a 
northwesterly direction. This contained the headwaters of Jura River, which, flowing north- 
ward, crossed the DownieviUe quadrangle, and the lower gravels of which are exposed near 
Mountain Meadows, north of Taylorville, in Plumas County. Another deep valley began a 
short distance south of Castle Peak and continued by Sununit Valley and Onion Creek across 
to the present ridge between the North and Middle forks of the American, and thence down by 
French Meadows toward the head of Long Canyon. This canyon contained the headwaters 
of the Tertiary North Fork of American River. In a section from Snow Mountain (PL XVIII, 
B, p. 134) to Granite Chief the bedrock may be seen to rise within short distances 2,000 feet 
westward and 3,000 feet eastward above the old channel. A short tributary to this Neocene 
stream came from the vicinity of Sailor Canyon, flowing in an easterly direction, between the 
high hills of Duncan Peak and Snow Mountain. Another important tributary headed near 
Barker Pass and crossed Five Lakes Creek. Its abrupt character is apparent from the contact 
lines between the andesite and the bedrock. From Five Lakes Creek this channel was evidently 
followed by the volcanic flow down toward Grayhorse Valley to the head of Long Canyon. 
The flat summit of McKinstry Peak formed a prominent feature in the Tertiary landscape. 

The eastern escarpment of the main range is well marked from Independence Lake south- 
ward, and the conclusion can not be avoided that it existed before the late Tertiary eruptions. 
Nothing definite is known of the configuration of the older rocks below the lavas of the Truckee 
Basin. Good reasons exist, however, for believing that they cover a deep valley which extended 
continuously from Lake Tahoe up to Sierra Valley. 

The high and narrow Carson Range rises east of Lake Tahoe and continues northward, 
forming the eastern barrier of Truckee Valley. This range also existed in Tertiary time, though 
the part of it which falls within this quadrangle has been greatly increased in width and height 
by masses of lava poured out over its flanks. The old granitic core may be seen near Crystal 
Peak and has been exposed in Truckee Canyon by erosion of the volcanic flows. The contact 
lines of granite and lava show that a low gap with a present elevation of 6,500 feet existed in 
this range to the southeast of Crystal Peak. Again a part of the granitic core is shown near 
Hot Springs, on Lake Tahoe, the contact Une against the lavas rising rapidly eastward. 

FAUIiT lilNES. 

No evidence of important faulting is foimd on the western slope of the Sierra Nevada in 
this quadrangle. The eastern scarp, west of Lake Tahoe, on the other hand, is the result of an 
important fault along a line following its base; but no important dislocation has occurred along 
it since the lavas were poured out, and it probably antedates the Neocene period. 

A similar fault line follows the western base of the Carson Range, although covering lavas 
mask its presence to great extent in tlua quadrangle. It is possible that in recent time slight 
movement may have occurred along this fault, as indicated by the position of certain Quater- 
nary gravels at the base of the range.* 

A third fault line follows the eastern base of the Carson Range and enters this quadrangle 
only in the extreme northeast comer. Along this line there have been several recurring move- 
ments. The first movement antedates the Neocene; the second dates from the Neocene vol- 
canic epoch; the third and smallest dislocation has occurred during recent time. But these 
movements have not taken place equally along the line, and in this quadrangle no strong 
evidence appears of extensive postvolcanic faulting along the eastern base of the Carson Range. 

1 See Tnickee folio (No. 39), Oeol. Atlas U. S., U. 8. Oeol. Survey, 1807. 
88337''— No. 73—11 11 



CHAPTER 14. THE SACRAMENTO QUADRANGLE. 

GENERAL OEOLOOT. 

The southwestern part of the Sacramento quadrangle is occupied by the Quaternary gravels 
and alluvium of the Great Valley. The bedrock formations of the northeastern half include the 
central granodiorite area of Rocklin, which is on the east side bordered almost entirely by amphi- 
bolitic schists. A strip of Mariposa formation (Jurassic) is embedded in the amphibolites of the 
southern part of the quadrangle, and an irregular area of clay slates and limestones of the Cala- 
veras formation (Carboniferous) is contained in the amphibolites of the northeast comer. Of 
the superjacent series light-colored clays and sandstones of the lone formation (Miocene) overlap 
the first foothills of older rocks to an elevation of 400 or 500 feet; in the Chico quadrangle, farther 
north, the same formation attains an elevation of 1,000 feet. The central part of the quadrangle 
was probably covered by andesitic tuff at the end of the PUocene epoch. The principal flow 
coming down from the region of Auburn and Colfax probably occupied the whole of the central 
depression produced by the easily eroding qualities of the granite. It spread southward to a 
point about 6 miles south of Folsom, and northward at least as far as Lincoln. A few small 
exposures of the Chico formation (Cretaceous) are known in this area, near Folsom. The high- 
est elevation attained is 300 feet. 

No faults have been observed in the "Bedrock series." 

OOIiD-BEARINO AREAS AND PRODUCTION. 

The gold-bearing area is restricted chiefly to the northeastern half of the quadrangle. The 
principal quartz veins are found all along the periphery of the Rocklin granitic area, either in 
the granodiorite or in the amphibolite. The most valuable deposits occur near Auburn and 
Ophir; the surface placers in the district have yielded millions of dollars, and the production of 
the quartz veins is estimated at about $3,000,000. South and north of Auburn the amphibo- 
lites contain many small veins which have furnished material for the shallow placers. The 
vicinity of Clarksville, Eldorado County, is rich in pocket veins. 

The present American River, particularly the North and Middle forks, proved to be rich 
sluice boxes containing, besides the local gold, much fine gold carried down from upper 
Placer County. Its bars have also been rich throughout and the Quaternary gravels, spreading 
out at the mouth of the canyon at Folsom, have yielded many million dollars and are worked up 
to the present day. Extensive operations by several dredging companies have lately increased 
the yield. 

The production from quartz mines is now small, and most of the output is obtained along 
the contact belt of granodiorite and schist, from the Zantgraff mine to the Three Stars mine. 
The yield from Tertiary drift mines is at present below $10,000 a year. In 1909 the Barton 
drift mine at Loomis was again operated and the total yield from the quadrangle of drift and 
surface mines was about $7,000. Practically no hydraulic operations are carried on in Tertiary 
gravels. The greatest yield is derived from the dredging, drifting, and sluicing of Quaternary 
gravels. Some of these operations are carried on in the canyon of American River a few miles 
northeast of Auburn, but most of them near Folsom and Michigan Bar. In 1905, in the vicinity 
of Folsom, $569,124 was obtained from the dredges, $45,000 by drifting, and $36,500 by sur- 
face washings. In 1909 the dredging near Folsom yielded $1,500,000 and operations by 
drifting and sluicing in Quaternary gravels produced $135,000. 
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TERTIARY TOPOGRAPHY AND STREAM COTJRSES. 

The relief of this quadrangle during the Tertiary period was less pronounced than at present, 
but the principal features were similar. Then, as now, the Rocklin granitic area was a depression 
with gently rolling surface. The harder ridges of amphibolite rose about it as now. Northwest 
of Auburn the Tertiary topography is probably very fairly represented by the flat, granitic 
ridges of Doty Flat, and by the equally flat amphibolite hills rising some 500 feet above the 
granitic plateau. The canyons of American River (see Pis. XII, p. 78; XIX, B, p. 134) did not 
exist, but there is every reason to believe that the longitudinal amphibolite ridges of the south- 
west comer, southwest of Folsom, existed then as now, although later erosion has emphasized 
their relief. American River has dissected the Tertiary plateau to a depth of 1,500 feet near 
Auburn, but at Folsom the depth of the cutting is only 400 feet. 

The Tertiary American River entered the quadrangle near Pilot Hill and passed through 
the gap at this place. Remnants of the gravels of the same river are found 2 miles southeast of 
Loomis and Rocklin, but from this point on the gravels are covered by volcanic masses. During 
the intervolcanic epocli the Forest Hill watershed was diverted into the American River basin 
from that of the Yuba. Remnants of the gravels of this stream are found on the point between 
the North and Middle Forks of American River and about 2 miles south of Aubiuii. 

The grades of the Tertiary River are shown in the subjoined table: 

Grades and distances of the Tertiary American River . 



Place. 



Qravel Point, 3 miles-northeast of Aubam 

Ilaskell mine 

Qravel hill, 2 miles southeast of Loomis. . 
Lee mine 

Pilot HDI 

Lee mine 



Elevation 

of 
bedrock. 



Feet. 

1,550 

1,100 

500 

350 

1,250 
350 



Distance. 



Grade. 



MiUt. 



6 
6 
2 



Feet per 
mite. 



75 

100 

76 



U 



82 



DETAIIiED DESCRIPTION OF THE ORAVELS. 



PBEVOLCANIC QBAVBI^S. 

Practically the only prevolcanic gravels exposed ia this quadrangle are those found 2 or 3 
miles east of Rocklin; the exposures extend for about 4 miles northeast and southwest; and are 
at most 2,000 feet wide. Farther down the slope, about 2 miles southeast of Loomis, there are 
two small gravel hills at an elevation of 500 feet, the banks being 40 or 50 feet high. No work 
has been done at this place for a long time. The gravel, which is well washed, consists of medium- 
sized pebbles of quartz and metamorphic rocks, with a considerable amount of granite sand. 
The bedrock forms a wide trough 40 or 50 feet deep. Half a mile southwest of this place the 
gravel reappears and is continuous for 3 miles, to the point where it disappears underneath the 
volcanic material and clays of the lone formation. At the Laird mine a thick bank of gravel 
and sand is exposed. 

At the Lee mine, situated where the road from Loomis to Folsom crosses the gravel hills, 
drifting operations have been in progress for a number of years. The detrital deposit is about 
1,500 feet wide, and the gravels 60 feet deep. The deepest channel worked is said to be 350 feet 
wide, the material being taken out 6 feet high above bedrock; it contains fine and flaky gold, 
and is treated in a 5-stamp mill. The mine is opened by a vertical shaft, somewhat over 100 feet 
deep, and the gravel occurs on two levels. The deepest channel, with a bedrock elevation of 
350 feet, is stated to lie 50 feet below the *' Stone House" along the road and contains chiefly 
quartz gravel. The upper channel is about on the level of the '* Stone House" and contains large 
cobbles, some of them of Tertiary volcanic rocks. Both channels are said to be rich. 

The thirteenth report of the State mineralogist contains an account of the operations of 
the Barton mine in 1896, evidently located lower down on the same channel. It is stated that 
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this mine is worked through a vertical shaft 60 feet deep and, lower down along the lead, by an 
incline 250 feet long. A pump working four hours a day discharges the water. The gravel is 
disintegrated in a Cox pan. 

It is evident that this channel continues underneath the andesite tuff along the slope and 
that if it proves rich enough it can easily be worked some distance farther west without encoun- 
tering too heavy bodies of water. It represents the lower reaches of the Tertiary American 
River and might therefore be expected to be rich. 

A small remnant of the washed quartz gravels lies in the important gap at Pilot Hill| but 
most of the accumulations at this place have been removed by erosion. 

INTEBVOLGANIG CHANNELS. 

The areas indicated as andesite in the Sacramento quadrangle (PI. I, in pocket) consist of 
an upper flow of tuff-breccia, under which lie a number of thin beds of fine-grained tuffs, gravels, 
sands, and clays of volcanic origin. Intervolcanic channels exist underneath Boulder Ridge, 
northwest of Penryn, imdemeath the andesitic tuffs south of Auburn, and at several other 
isolated localities. None of them have proved to be very rich. 

On the point between the North and Middle forks of American River, at an elevation of 
1,650 feet, lies a small deposit of partly volcanic gravel which has been worked in a small way. 
It is important as undoubtedly indicating the course of the main intervolcanic channel coming 
down from Peckham Hill and Jones Hill, on the Forest Hill divide. 

Some drift mining has been done on small intervolcanic channels at the Gaylord mine, 2 miles 
south-southwest of Auburn, at the south edge of a table of andesitic tuff ; the elevation is 1 ,200 feet, 
A*tunnel was driven in a northerly direction for several hundred feet to open a main channel 
underneath the lava ridge. It was struck at tunnel level, but the well-defined trough was found 
to be filled with andesitic sand ; very little gravel was found, and that of poor grade. The chan- 
nel was explored for 500 feet upstream without change. Explorations 200 feet northeast from the 
main tunnel show the existence of a channel at the same elevation as the sand channel, but con- 
taining volcanic gravel. This was followed in under the hill for a short distance, but was 
found to be cut off by the first channel. A third channel, which was mined in 1901, on the 
east side of the road and at a somewhat higher elevation, is 125 feet wide and contains wash of 
metamorphic rocks with a few andesite pebbles. Andesite breccia covers the gravel, which is 
1 to 6 feet thick. Its southwest rim appears to be washed away by the second channel and 
its westward continuation is probably cut off by the main sand channel. There are here, then, 
three channels of slightly differing age but all of them belonging to the intervolcanic epoch. 

Several small channels have been worked under Rocky Ridge, on the road between Penryn 
and Lincoln, Two channels are said to exist. One, the older, is called the White channel 
and contains many quartz pebbles. It has been worked on the rim along the southeast side of 
the ridge which it is supposed to follow, but it is stated that its bottom has not been exposed. 
The second is an intervolcanic channel and is thought to follow the northwest side of the ridge. 
It has been worked by several tunnels, but in general was found to be poor. Rich spots of $5 
to $9 a ton were, however, struck on the rim. The Patterson incline, about 1,000 feet long, 
has opened it on the northwest side of the ridge near the road, at an elevation of about 900 feet. 
The gravel is well washed, consisting of andesite, quartz, and greenstone pebbles; its thickness 
ranges up to 12 feet, and it is directly covered by compact, tuffaceous breccia. Heavy volcanic 
wash lies on the spurs north and south of the tunnel, but occupies no well-defined channel. It is 
said to contain some gold and is evidently later than the volcanic channel just described. 

VICINITY OF FOLSOM. 

Rich Quaternary gravels, up to 60 feet in thickness, have been accumulated at Folsom, both 
along the present river course and for several miles to the south of the town. They represent 
several not very sharply defined benches up to elevations of 200 feet above the river and are 
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underlain by a volcanic series^ the exact depth of which is unknown but probably does not 
exceed 150 feet. These Quaternary gravels have been extensively worked, first by drifting 
and hydraulic operations, and lately by dredging. Much drifting has been carried on at Rebel 
Hill, 2^ miles south of the town. 

At the Orange Vale Bluffs, opposite Folsom, the following section is exposed above river 
level: 

Section at Orange Vale Bluffs, near Folsom. 

Feet. 

Metamorphic gravel, fine and coarse; Quaternary 10 

Andesitic tuff-breccia; Neocene 35 

Fine andeeite tuff; Neocene : 10 

Fine white clays and sand ; Neocene 35 

River level. 

The several river bars lower down, which are worked by dredging, are generally bordered 
on the north by similar gravel-capped bluffs, the andesitic breccia showing only in places. The 
gravel dredged rests usually on a bedrock of fine-grained andesitic tuff. In places masses of 
coarse Tertiary volcanic gravel, barren of gold, appear above or below the andesitic iiuff-breccia. 

Several bore holes and shafts have been sunk near Folsom with the idea of penetrating the 
volcanic series and reaching the supposedly underlying auriferous gravels. A shaft- sunk in 
1895 by McCue & Bates a short distance below the town and 60 feet above the river penetrated 
the following strata: 

Section in shaft below Folsom. 
Surface. Feet. 

Cobblestones and gravel; Quaternary 10 

Volcanic tuff; Neocene 40 

Gravel with some gold; Neocene , 1? 

Volcanic tuff; Neocene 5.3 

Coarse volcanic tuff; Neocene 6 

Sand, probably volcanic; Neocene 20 

Coarse gravel; Neocene 6 

Oray sand (fdteiliferous); Chico (Cretaceous) (?) 20 

j 119. 3 

I The influx of water stopped further progress. 

' The Quaternary high bars of American River have been worked extensively. Especially 

I rich are the deposits near Mormon Island and the Blue Ravine mine. The latter was success- 

i fully worked in 1907 through a 60-foot shaft. 



CHAPTER 15. THE PLACERVILLE QUADRANGLE. 

OENERAIi GEOLOOY, 

The geology of the "Bedrock series" of the Placerville quadrangle is complicated. The 
western margin is followed by a belt of the Calaveras formation, greatly broken by later intru- 
sions and ia part accompanied by greenstone tuffs of Carboniferous age. The late Jurassic 
Mariposa formation, accompanied by large masses of Jurassic greenstones and greenstone 
tuffs, traverses the western area in a narrow band from north to south. East of these rocks the 
Calaveras formation, having its prevailing northerly trend, occupies the greater eastern part 
of the quadrangle. A large area of gabbro-diorite lies near the western margin; numerous ser- 
pentine areas of elongated form are found in the same vicinity. The south end of the great 
gabbro-serpentine belt of Downieville and Colfax quadrangles traverses the north-central 
part of this area from Placerville to Georgetown. The main granitic area of the high Sierra 
enters the Placerville quadrangle at several places along its eastern margin. Four granitic 
"massifs'' or batholiths, referred to as Sand Mountain, Mosquito, Coloma, and Cosumnes, 
have formed great rents in all of the older formations. 

The superjacent formations do not occupy very large areas. Tertiary auriferous gravels 
appear near Placerville. Rhyolitic tuffs lie in the old stream beds on the Long Canyon divide and 
especially underneath the Placerville and Newtown divides. Andesitic tuff-breccias cap many 
of the ridges from the Cosumnes to Long Canyon, but the largest masses are found on the 
Placerville and Newtown divides. No Tertiary or post-Tertiary dislocations have been found 
in this quadrangle. The whole area has been tilted westward, but the Tertiary channels give 
excellent evidence that no important faulting has occurred. 

GOLD-BEARING AREAS AND PRODUCTION. 

Gold is widely distributed throughout the quadrangle, and few of the creeks have proved 
entirely barren. The least productive area is located in the large slate region in the north- 
eastern part of the quadrangle, and naturally the late flows of andesitic rocks do not contain 
gold-bearing deposits. The most important line of primary deposits follows the Mariposa 
formation from south to north and forms an extension of the great Mother Lode belt of Amador 
and Calaveras counties. Many quartz mines are located along it.^ Small auriferous veins 
are very likely to be found about the contacts of the intruded granitic masses. The most 
important of these minor districts is that at Grizzly Flat. 

The *' serpentine belt" is here, as farther north, followed by a great number of small quartz 
veins. From these veins the small Tertiary placers of Georgetown have been enriched, but 
the more extensive gravels at Placerville owe their concentration of gold chiefly to the veins of 
the Mother Lode belt. 

On the whole the gravels of the eastern half of the quadrangle are poor. The mining 
operations in the Placerville quadrangle are practically equivalent to those of Eldorado County. 
This county produced in 1905 about $250,000 from deep mines, $2,900 from hydraulic opera- 
tions, $58,685 from drifting, and $27,788 from surface sluicing, a total of $89,373 from placer 
operations. The yield from gold-bearing gravels has steadily and slowly decreased for several 
decades. In 1905 the output from placers was approximately divided as follows: Placerville 
(six drift mines), $64,900; Indian diggings, $7,000; Georgetown (two drift mines and several 
surface placers), $6,900; Fair Play (two drift mines and several surface placers), $4,450; 

» See PlaoerviUe folio (No. 3), Oeol. Atlas U. 8., U. 8. Geol. Survey, 1894, economic geology map. 
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scattering, $6,578. In 1908 drift mines in the county yielded $38;148, hydraulic mines $2,600, 
and surface mines $96,106 — a total of $136,854. The drift mines at Placerville produced 
about $19,500; the placer mines at Fair Play and Omo House about $8,000 and at Grizzly 
Flat $19,000. More than half of the amount was obtained by small operators, mostly Chinese. 
In 1909 the placer mines near Placerville yielded $32,500, the most important producers 
being the Eldorado Water & Deep Gravel Mining Co. and the operator of the Landecker mine. 
Both of these producers operate drift mines. From the vicinity of Georgetown and Greenwood 
$24,000 was obtained, mainly from sluicing operations. From the Fair Play divide the yield 
was $5,900, chiefly from sluicing. Scattered operations at Shingle, Pacific, and other places 
yielded $3,000. 

TERTIARY TOPOGRAPHY AND DRAINAGE. 

The Placerville quadrangle, embracing a typical part of the lower slope of the Sierra Nevada 
from the lower foothills to elevations of about 5,000 feet, offers exceptional opportunities for a 
study of the Tertiary surface. 

Standing on the level ridge of andesitic tuff at Forest Hill, at an elevation of 3,100 feet, 
and looking southward over the Georgetown divide — the northern part of the Placerville quad- 
rangle — the observer notes the apparent continuation of the lava plateau across the deep canyon 
of American River. But beyond this the high ridges of the Slate Mountains rise in decided 
relief. The channels of the deep gravel-filled basin of Forest Hill lie about 400 feet below the 
summits of the tuff ridges; 10 miles to the southwest the Slate Mountains culminate in eleva- 
tions 2,000 feet above this basin, and the volcanic areas surrounding their base attest to a diver- 
sified topography. The same conditions of high relief continue eastward to the mai^in of 
the quadrangle, the ridges rising on the average 1,000 feet above the broad Tertiary river valleys. 

In the middle part of the quadrangle lies the deep Tertiary basin of Placerville, several 
miles wide, with a complicated channel system hidden underneath gravel rhyolitic tuffs and 
andesitic tuffs, and slopes rising gently 400 or 500 feet above the lowest depressions. From 
some prominent point near Placerville the gradually rising highlands to the north and south 
of the Tertiary basia of American River are plainly perceived. To the northwest the Tertiary 
river course is unmistakably marked by way of Granite Hill and Pilot Hill; this is the only 
way open, for to the west a series of distinctly higher, north-south bedrock ridges effectually 
bar an old outlet in that direction. The contrast was of course even more decided in early 
Tertiary time because the range was not then as strongly tilted toward the west as it is now. 
Here, agaia, we thus find the feature of the high footliill ridges already described in the chapters 
on the northern quadrangles. Near the eastern border of this quadrangle the Tertiary Amer- 
ican River flowed in a broad valley; 6 miles to the north of it Saddle Mountain rose 2,000 feet 
above its bed, and 4 miles to the south Baltic Peak attained an elevation of 1,700 feet 
above it. 

In the southeast comer a branch of the Tertiary Mokelumne River flowed over a moderately 
hilly country in a southwesterly direction by way of Grizzly Flat, Henry Diggings, Browns- 
ville, and Oleta. 

AURIFEROUS GRAVELS. 

As in the Colfax quadrangle, there are in this area prevolcanic gravels, gravels of the rhyo- 
litic epoch, and gravels of the andesitic epoch. 

The prevolcanic gravels consist of well-washed pebbles of quartz and metamorphic rocks. 

The thickness of these deposits is small compared to that of the heavy accumulations in the 

great Tertiary basin of Yuba River from Forest Hill to North Columbia. The gravels in 

the Placerville quadrangle very rarely attain 100 feet in thickness; much more commonly 

they are 25 to 50 feet thick. 

RHYOIilTIC BEDS. 

The rhyolitic beds directly overlie the aui^erous gravels and are composed of white or 
light-colored tuff, usually flne grained and here and there containing scales of black mica. This 
volcanic fragmentary material doubtless came down iq the form of many successive mud flows. 
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Intercalated in the tuffs are beds of quartzose and metamorphic gravel and of light-colored 
clays and sands partly of volcanic origin. The gravels are as a rule somewhat auriferous. The 
total thickness of the rhyolitic beds is about 300 feet on the divide north of Long Canyon and 
400 feet in the vicinity of Newtown. Unlike the subsequent volcanic flows, the rhyolite did 
not spread over large areas, but only filled the valleys of the principal streams. During the 
interval between the rhyolitic eruptions the earlier beds were considerably eroded and in many 
places new channels were worn down to the bedrock. These later channels occur both north 
of the Middle Fork of American River and especially in the vicinity of Placerville. 

In the Tertiary valley of American River a very large proportion of the prevolcanic gravels 
was eroded during the earlier part of the rhyohtic epoch, and by far the greatest masses of 
gravel now exposed belong to this class of rhyohtic channels. 

ANDESITIC TUFFS. 

The andesitic eruptions in the high Sierra flooded the larger part of the lower slopes with 
volcanic mud. Substantially the whole of the Placerville quadrangle must have been thus 
covered, except the high bedrock ridges of the Slate Mountains and, probably, the hills in the 
southwest corner. 

The andesitic beds, which are entirely fragmental in character, attain a maximum thickness 
of 700 feet on the divide north of Long Canyon; in the vicinity of Placerville the thickness 
does not exceed 400 feet, but east of Placerville it again increases to 700 feet. In the lower 
part of the bed heavy volcanic gravel, in many places somewhat auriferous, commonly occurs, 
together with volcanic sands and tuffs; the upper and principal part consists of a hard andesitic 
breccia and usually contains angular or subangular bowlders of andesite, some of which are 
more than a foot in diameter. The andesite is dark gray to dark brown and contains porphyritic 
crystals of pyroxene and hornblende, the latter slightly predominating; the cement uniting 
the bowlders is Ught gray to Ught brown and consists of finely comminuted volcanic material. 

The conditions during the andesitic eruptions were similar to those of the rhyohtic epoch, 
for during quiet intervals the streams, rejuvenated by the tilting of the Sierra, eroded vigorously 
and reconcentrated the old gravels. Such interandesitic channels are present in the old basins 
of all parts of the quadrangle. They are most important in the northwestern part, where an 
important channel of this kind captured a part of the Forest Hill drainage, which before the 
eruption belonged to Yuba River. They are not of much importance in the Placerville basin, 
where such opportunities of stream capture were not afforded any more than in the northern 
part of the Yuba River basin. 

DETAILED DESCRIPTION OF THE GRAVELS. 
GEORGETOWN DIVIDE AND PEGEHAM HELL. 

A well-defined Tertiary valley with a general south to north direction existed northeast of 
Georgetown, with hills rising 1,000 feet above it 2 miles to the east and about 500 feet above 
it 1 mile to the west. It is first observed at Tipton Hill, 5 miles east-northeast of Georgetown. 
The bedrock elevation here is 3,200 feet; the narrow channel is covered by 4 to 6 feet of well- 
washed gravel with some quartz bowlders; above this Ues 3 to 4 feet of clay, which in turn is 
capped by andesitic tuff. This channel has beeu mined northward by tunnels, one of which is 
1,800 feet long, and it is said that several benches were found up to 500 feet above the deepest 
channel. Some work has also been done about one-fourth of a mile east of Tipton Hill. Two 
miles farther north the channel is cut by Otter Creek; on the north side of this narrow canyon 
Ues Kentucky Flat. Both outlet and inlet have an elevation of 3,100 feet, showing a grade 
of 50 feet to the mile from Tipton Hill. Some hydrauUc work and drifting have been done at 
Kentucky Flat; the channel is 350 to 500 feet wide and filled to a depth of 4 to 6 feet with 
well-washed gravel and large, smooth quartz bowlders. SiUcified wood is common. 

Two miles farther due north the channel is cut by Missouri Can3"on at an elevation of 
3,100 feet. There is Uttle evidence here of the white quartz channel, which most Ukely has 
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suffered some erosion. But it is stated on the authority of H. E. Picket, manager of the Two 
Channel Mining Co., who has been operating drift mines in this vicinity during the last few 
years, that '* cement channels," or intervolcanic channels, exist here and that their direction 
differs from that of the white channel. The latter probably continues underneath the volcanic 
area to the north of Missouri Canyon and most likely emerged on the slope of the canyon of 
the Middle Fork a mile to the northwest of Mount Gregory and continued across the now eroded 
canyon toward Forest HiU. The elevation of the supposed outlet is about 2,850 feet — too 
high, it will be noted, to effect a junction with the white channel of Jklichigan Bluff, with which 
it is often identified. 

The andesitic or cement channel doubtless turned to the northwest and continued by way 
of Floris HiU in the general direction of the present IkCddle Fork Canyon until it joined the 
cement channel from Forest Hill, which had cut its way through a low gap and found its outlet 
at Peckham Hill, as decribed in the chapter on the Colfax quadrangle. There are in this vicinity 
several small patches of volcanic gravel on the spurs of the ridges overlooking the Middle Fork, 
such as Jones Hill, Bottle Hill, and others. Their elevation and general character agree well 
with the supposition of a cement channel as outUned above. 

EUvationSf grades^ and distances along the Georgetown channel. 



Place. 



Tipton HIU 

Kentucky Flat.. 
Missouri Canyon . 
Mount Gregory.. 

Floris.. .1 

Jones HIU 

Peckham HUl... 



Elevation. 


Distance. 


Grade. 


Feet. 
3,200 
3,100 
3,100 
2,8S0 
2,530 
2,114 
2,183 


Mle8. ' 


Ft. per mile. 


2 
2 

1.5 
8 

1 05 


50 



1G6 

107 

83 



Direction. 



South to north. 

Do. 
Southeast to northwest. 
East to west 

West-southwest to east-northeast. 



a Junction. 



LONG CANYON. 

A small bend of the Long Canyon channel falls within this quadrangle. It occupies a 
wide and deep valley filled with a great thickness of rhyolitic tuffs and gravels poor in gold. 
The prerhyolitic gravels are very thin. The deposit reached its greatest width near the junc- 
tion of Wallace and Long canyons, where the old river bottom must have been about 2 miles 
across. The old Clydesdale diggings lie on a point between the two canyons opposite Black- 
smith Flat and south of Wallace Canyon is the detached deposit of the Corcoran diggings. South 
of this the slope of the Tertiary valley rises very steeply, almost like a bluff. 

An important tributary, but one very poor in gold, joined the Long Canyon channel some- 
where between Pat Goggin's diggings and Michigan Bluff. Its upper continuation is found 
underneath the cap of andesitic tuff on the high ridge between Pilot Creek and Rubicon Creek. 
Near the point of that ridge, on the north side and at an elevation of 3,600 feet, a few feet of 
quartzose gravel underlies the andesite. The old depression continued up southeast by way 
of Bacchi's and Fomi^s ranches, then turning east up to Eleven Pines and Uncle Toms Cabin. 
It has not been shown to contain paying gravel deposits. 

THE TEBTIABY AMEBIGAN BIVEB. 

The channel of the Tertiary American River entered this quadrangle near Pacific House, 
on the road from Placerville to Lake Tahoe, and here lies only 500 feet above the bottom of 
the Middle Fork Canyon. On the north side of the river is a small hill of gravel and rhyolite 
tuff (elevation 3,500 feet), in which a hydraulic cut has been made, with w4iat result is not 
known to the writer. 

A distinct trough at Pacific House, about half a mile wide and 150 feet deep, is filled with 
rhyolitic tuff. The deepest point (elevation 3,400 feet) lies just below Pacific House, and some 
little hydraulic work and prospecting by drifting have been undertaken in it. The gravel is coarse 
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and well washed, consisting of quartz and metamorphic rocks, not over 10 feet deep and imme- 
diately covered by rhyolite tuflf, with some intercalated minor gravel beds. Above the rhyo- 
litic tuffs lie andesitic tuffs with a thickness of 500 feet. The old river vallev was about 3 miles 
wide and the immediately surrounding hills rose 700 or 800 feet above the bottom. 

Some gold undoubtedly occurs in the gravels, but it is questionable whether the channel 
will pay for working. In the last few years a bedrock tunnel has been driven near Pacific House 
to explore the channel, but no detailed information is available. 

A tributary channel crossed the South Fork a few miles to the west; it came down from 
the head of Round Tent Canyon and had its outlet on the north side near Soldier Creek; it is 
probably not highly auriferous. 

The main channel continues underneath the lava flows and finally reappears 10 miles 
west-southwest of Pacific House, at Snow's mine, near Newtown. As shown by the outcrops of 
rhyolite tuffs it passes close to Sly Park Creek, but no outbreaks of gravel are known. A 
tributary channel from Badger Hill on the north joins it by way of Mooney's diggings, in the 
North Fork of Webber Creek. At Badger Hill the elevation of the channel where it crosses 
underneath Big Iowa Canyon is 3,000 feet, and it has been worked with some success. The gravels 
occur both above and below the thin bed of rhyolite tuff exposed in the canyon. At Mooneys 
Flat the channel lies at an elevation of about 2,900 feet, perhaps 100 feet beneath the creek. 
It was opened by an incline 50 feet deep, but the wash gravel is reported not to have been 
rich. Some higher benches above the creek level have been sluiced. 

The main andesitic ridge continues westward toward Placersrille, but it does not cover any 
main channel. On the contrary the bedrock is generally high on the north side and the andesitic 
tuff simply covers the northern slope of the main valley. The Blair tunnel (elevation 2,700 feet), 
2 miles east of Six Mile House, was driven northward for several thousand feet on the erroneous 
idea that the main channel followed this part of the ridge. 

At Snow's mine, 8 miles east of PlacerviUe, the main channel frbm Pacific House has its 
outlet at an elevation of 2,400 feet. The gravels at this place are meager in extent and only 4 
to 8 feet in thickness; large masses of gravel have probably been removed by interrhyolitic 
erosion. Both drifting and hydraulic operations have been carried on here on a small scale, 
and it is quite possible that the channel can be drifted upstream from this point. 

The gravels of the Webber Creek basin above PlacerviUe are, on the whole, poor. From 
Snow's the channel crosses to tlie south side of Webber Creek and continues under the ridge 
below Newtown, issuing again at some point along the gravel banks west of that place. It then 
follows the general trend of Webber Creek westward, as clearly shown by the bedrock relation on 
both sides of that stream. The lowest point seems to be indicated by a small body of wash on 
top of the low ridge between the two forks of Webber Creek (elevation about 2,350 feet) and 
the isolated area 2 miles southeast of Smiths Flat (elevation 2,250 feet). For 2 miles west of 
Newtown, as far as Fort Jim, bench gravels are exposed at an elevation of 2,500 feet; on the 
north side of Webber Creek similar benches are exposed on both sides of Chunk Gulch at eleva- 
tions of 2,400 to 2,450 feet, the width of the flood plain having been nearly 2 miles. 

All the gravel areas of PlacerviUe Ue distinctly to the north of the principal channel, which 
has been destroyed by erosion. The lowest bedrock elevation near PlacerviUe is 1,898 feet, 
at Webber HiU; a smaU gravel mass at Bean HiU, on tlie south side of Webber Creek, near Dia- 
mond Springs, has an elevation of only 1,777 feet. The isolated gravel areas of Diamond 
Springs and Bean HiU may, then, be taken to represent the course of the main river. The last 
traces of the channel in this quadrangle are found at Granite HUl, on the divide between Webber 
Creek and the South Fork of American River, where the lowest bedrock elevation is about 
2,650 feet. From the present topography at tliis gap it is concluded that the flood plain was 
2 miles wide, witli hiUs rising very gently on each side. 

From this place the only possible outlet is by way of the Pilot HiU gap, aU other directions 
being closed by the high bedrock hiUs of the greenstone range of the foothiUs. 
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EUvaHatUy gradu, and distance* along the Tertiary American River in the Placerville quadrangle. 



Place. 



Pacific House 

Snow's mine 

Newtown 

Onvel Hill, south of Webber Creek. 

BeanHiU 

OnniteHill 

PflotHlll 



Elevation. 



Feet. 
3,400 
a2,400 
a 2, 360 
* 2,250 
«1,777 
1,650 
«1,250 



Distance. 



MUet. 



10 
1 
2 
5 
5 
9 



Grade. 



Feet per 
tniU. 



100 
50 
50 

105 
25 
33 



Direction. 



West-southwest. 
West. 

Do. 

Do. 
N<vth«northwest. 
Northwest. 



o Lindgren. 



b Possibly too high. 



c Goodyear, W. A., in Whitney's '< Auriferous gravels." 



The dependence of direction on grade is markedly indicated by this table. There is, of 
course, some uncertainty about the elevations but not enough to seriously affect the result. 
Those parts of the channel which trended west or west-southwest have generally grades of 50 
to 100 feet to the mile; that part trending north-northwest only 25 feet to the mile; a division 
trending northwest has a somewhat intermediate grade. 

It has been shown that from a point near Newtown to Granite Hill only fragments remain 
of the deposits of the Tertiary river. There are scarcely any prevolcanic gravels within this 
distance, the criterion being the absence of volcanic pebbles. Bean Hill seems to be the only 
place where volcanic pebbles occur, and even here there is a doubt. The writer could find no 
rhyolitic pebbles at this place, but Goodyear distinctly states that they are present. The 
principal gravels of the district are of the interrhyolitic epoch, but there are also some of the 
interandesitic epoch. 

Near Newtown the rhyolitic tuffs reach a thickness of 500 feet. Fairly extensive hydraulic 

operations have been carried on at several places near Newtown. On the lowest bedrock rest 

about 30 feet of gravels consisting of quartz, granite, metamorphic slates, and rhyolitic tuflf. This 

gravel bed is covered by 40 feet of white tuff, and above this Ues another gravel bed, 60 feet 

tliick, which in turn is capped by the main mass of tlie same tuff, which always has a tendency to 

form prominent bluffs. At Fort Jim, 1 mile west of Newtown (bedrock elevation 2,450 feet), 

1 feet of possibly prevolcanic quartz gravel is covered by 100 feet of coarse mixed gravel and 

this in turn by thick accumulations of rhyoUte tuff. 

Contrasting with these sections is the gravel hill 3 miles west-northwest of Newtown, which, 
a.C5cording to its elevation (2,250 feet), is near the deepest point in the old valley. Here a 
uaoderate thickness of gravel is covered by a tliin bed of rhyolite tuff, which in turn is capped 
y>y andesitic conglomerate, showing that deep erosion of the rhyolitic beds occurred before the 
cioidesitic flows began. 

At Diamond Springs, 3 miles south of Placerville, the gravel is 50 feet thick and contains 
rnany rhyoUte bowlders. 

At Granite Hill all of the gravel contains rhyoUte, the succession being as follows: 

Section of gravel at Granite HiU, 

Feet. 

Gravel 4 

Rhyolitic tuff 50 

Gravel 20 

Rhyolitic tuff 4 

Gravel 6 

Bedrock. 

PLACEBVTLLE BASIN. 

GENERAL NOTES. 

The Placerville district is situated on the ridge between the South Fork of American River 
and Webber Creek and. contains a complicated network of channels, in the main trending south 
and tributary to the Tertiary, now eroded river, which approximately followed the course of 
Webber Oeek. These gravels have been studied by Groodyear ^ and his description contains 
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much valuable and accurate information. In the main he recognized the principal drainage 
lines described above, the Deep Blue channel, and the general occurrence of bowlders of rhyo- 
litic tuff in the deeper gravels. But his examination was made many years ago, and the follow- 
ing data collected in 1901 are therefore presented. Mr. G. W. Kimble, who is perhaps better 
acquainted with the PlacerviUe basin than anyone eke, had the kindness to aid the writer in 
many ways and put valuable maps and sections at his disposal. 

The PlacerviUe basin has been a rich placer field. The modern creeks yielded a large 
amount, and when the exploitation of the high gravels was begun these also were found to be 
very productive. The great complex of veins, called the Mother Lode of California, traverses 
the western part of the district from north to south. It is well exposed at Oregon Point, almost 
due south of PlacerviUe; traverses the center of the town, where the Pacific mine is located; 
and then foUows the course of Big Canyon, which contains the Harmon and Little Annie mines. 
Many smaU quartz veins are contained in the slates outside of the Mother Lode, but the latter 
was really the most important factor in the enrichment of the gravels below the croppings. The 
richest gravels of PlacerviUe were those of Coon HoUow and Excelsior, just west of the Mother 
Lode. According to the statement of Mr. T. Alderson, a pioneer merchant and miner of the 
district, this vicinity yielded about $10,000,000 from a comparatively smaU area. The gravels 
of Spanish HiU yielded $6,000,000 and those of the White Rock diggings $5,000,000. The 
Linden channel, traversing the ridge south of Spanish HiU, yielded $130,000. The Deep Blue 
lead from White Rock to Smiths Flat has yielded heavily, one of the properties, the Lyons 
mine, haying prpduced $1,400,000 by drifting. The Deep Blue lead foUowed approximately 
for several mUes the contact of the slate with the Mosquito area of granodiorite, and probably 
derived its riches from many small veins in the contact zone. The gravels from Smiths Flat 
down to the Mother Lode are not extremely rich, averaging by drifting perhaps $2 to $3 a cubic 
yard. Those of Coon HoUow were of very much higher grade. The whole mass of gravels mined 
at Coon HoUow, a thickness of at least 100 feet, is believed by Mr. Alderson to have averaged $1 
a cubic yard. In 1905 the output from the drift mines of PlacerviUe was $65,000. Seven or 
eight producers contributed to this amount ^ the three most important being the Landecker, the 
Ribera tunnel, and the Liveoak. 

GEOLOGIC FEATURES AND PRINCIPAL CHANNELS. 

The general geology in the vicinity of PlacerviUe is shown in the PlacerviUe folio.* Gold- 
bearing gravels, rhyolitic tuffs, andesitic tuffs, and andesitic gravels cover the ridges surrounding 
the basin of Hangtown Creek, in which PlacerviUe is situated. The principal channels are 
shown in figure 13. 

South of PlacerviUe Hangtown HiU rises to an elevation of 2,196 feet. The ridge extends 
with gentle rise across the Excelsior cut ; about 1 J miles farther east it rises more steeply to Cedar 
Creek HiU, the elevation of which is 2,400 feet. It is capped by andesitic tuff and gravels, rest- 
ing on bedrock or in places possibly on older prevolcanic gravels. At its east end heavy masses 
of rhyolite tuff underlie the andesitic rocks. A deep sag covered by rhyolite tuff at the head of 
Cedar Creek separates this ridge from the Spanish Ridge, which begins at Spanish Hill (elevation 
2,300 feet) and extends to a point south of Smiths Flat (elevation 2,600 feet) about 2^ mUes east 
and west. It is capped by andesitic tuff and underlain by rhyolite tuff. Another gap of rhyo- 
lite intervenes at Smiths Flat, to the north of which extend the White Rock Ridges capped by 
andesitic tuffs. These connect with the main lava-covered ridges of eastern Eldorado County 
and rise graduaUy toward the east-southeast from elevations of 2,400 at Negro Hill and Georgia 
HUl to 3,000 feet at Six MUe House. 

The thickness of the andesitic tuffs and gravels aggregates up to 400 feet. The white rhyo- 
lite tuffs reach a maximum of 300 feet in thickness in the steep bluff east of Smiths Flat. The 
thickness of the rhyolite tuff varies considerably from place to place, indicating the great amount 
of intervolcanic erosion. 



» No. 3, Geol. Atlas U. S., U. 8. Geol. Survey, 1894. 
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The Tertiary interrhyolitic gravels attain a thickness of over 100 feet in the Tertiary depres- 
sion near Placerville; on the ridges east of Smiths Flat the andesitic tuflf as a rule rests directly 
on the bedrock, indicating highlands from 300 to 600 feet above the valleys. 
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Prevolcanic gravels are very sparingly represented in the Placerville basin. There is reason 
to believe that some bench gravels in Coon Hollow were accumulated before the rhyolite, and 
more of such gravels may have been contained in the now eroded main channel of the Tertiary 
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river which followed the course of Webber Creek. Practically all the pay gravels belong to the 
rhyolitic epoch and were accumulated in streams flowing southward and tributary to the main 
river. These interrhyolitic gravels belong to several subepochs, some of the earlier deposits 
forming long swinging benches with low grade. Somewhat later the grade was increased and 
the last and deepest of the interrhyolitic gravels were deposited. After the first andesitic flows 
thick deposits of barren andesitic gravels formed a flood plain over a large part of the basin. 
Still later interandesitic, narrow channels, usuaUy poor in gold, were excavated, but they are 
of little importance and did not cut deeply into the bedrock of the interrhyolitic epoch. 

On the south or Webber Creek side of the ridge there are 
many benches of interrhyolitic grave! which evidently belong to 
the main river. There are also two important interrhyolitic 
southward-trending channels which have been successfully mined; 
one of them is the Linden and Green Mountain channel west of 
the Cedar Creek gap, and the other is the Deep Blue channel, 
which comes down from Georgia Hill underneath the lava ridge 
to Smiths Flat and has its outlet at some point about a mile south 
of that place. The two channels are separated by a ridge of 
slate rising about 300 feet above their beds. The elevations given 
are based on Goodyear's data, as given in Whitney's "Aurifer- 
ous gravels," but are supplemented by numerous aneroid deter- 
minations and mine levels. The elevation at Clay Hotel in 
Placerville is taken to be 1 ,873 feet, 

HANQTOWN HILL. 

Hangtown Hill and the Cedar Hill Ridge are capped some- 
FiouBi H.-^iinn .t hrd<»uuccut on ^^^g^^ uniformly by 25 to 50 feet of normal andesite breccia, as a 

Hsn^town Hill, PlacBrviUe. a,Aadeel(a ,,,  . ,-i .i.  

graTci. 30 tted i, nod. * leat: e. andtaito rule hard and compact, though in places deeply decomposed on 
env.!. 3 t«t; i. «.dMit. tuff-br»ci>. 6 tjig gurfacc. Bclow thls is throughout 50 to 100 feet of andesite 

iM't: (. andnll« gnvel. S not; /, andMlIt in i  . • 

tus-bmcia, 3s i»L gravel, usually coarse and compact, a very large proportion of 

the pebbles being over 6 inches in diameter. Streal^ of sand 
are found here and there in this volcanic gravel, and also metamorphic pebbles, the latter most 
commonly on bedrock. On the west side of Or^on Point many heavy and weU-washed quartz 
bowlders lie on the bedrock. 

At the west end of Hangtown HiU the bedrock rises to 2,200 feet and has only a thin cover- 
ing of andesite breccia. Between the end of the andesite and the road lies the smaU inter- 
andesitic Star channel crossing the ridge from north to south. It has been drifted through 
the hill for 2,000 feet and shows 4 to 6 feet of mixed volcanic rock and metamorphic gravel 
covered by volcanic gravel. The elevation on the north side is 2,025 feet; on the south side, 
2,000 feet; the grade is 62 feet to the mile. 

Along the whole front in Coon Hollow, from Oregon Point to the Star channel, the bedrock 
is very level, ranging from elevations of 2,000 to 2,040 feet. From the road westward up to 
Oregon Point this rim has been hydraulicked and the section is similar (fig. 14). The bedrock 
rises distinctly toward Oregon Point, where the big quartz reef of the Mother Lode goes under 
the Tertiary deposits at a bedrock elevation of 2,090 feet. All along this distance the bedrock 
pitches slightly southward and a little drifting has been done wherever the volcanic gravel is 
mixed with metamorphic gravel and quartz. 

EXCELSIOR. 

From the north front the bedrock slopes gently southward toward the Excebior claim in 
Coon Hollow. A little farther on toward Excelsior there is a weU-marked sharper slope or 
bench, evidently running all the way round to the Webber claim, showing clearly that the 
Excelsior channel does not enter the hill, under the lava cap. At Excelsior Flat, where the 
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lowest bedrock elevation ia 1,9S5 feet, quartz gravel was very abundant, and in all about 20 
acres bas been washed away. The gravel contained three pay streaks, the first on bedrock, 
the second 25 feet above, and the third 60 feet above. (See G^. 15.) The second channel 
was poorer and not drifted; the first and third were very rich. The total width of the Coon 
Hollow channel on bedrock was 2,000 feet. The third pay streak was 300 feet wide. Accord- 
ing to Mr. Alderson, the yield of the whole hill, including the upper bed of volcanic gravel, 
was SI a cubic yard. The drifting at Coon Hollow was done from 1S52 to 1861. The whole 
hill was hydraulicked from 1861 to 1871, Part of the gravel was cemented. The gold on the 
bedrock was smooth and pretty coarse, its value being $19.10 
an ounce. The gold from the upper streak was finer, aver- 
aging S20 an ounce. 

Mr. Alderson aays that the Excelsior gravel carried 
no volcanic pebbles of any kind, and with this Goodyear 
seems to agree. There is no rhyoHte at any place west of 
Webber Hill. 

The most plausible and, so far as the writer con see, the , 

only explanation of the relations outlined above is that the 
Excelsior and Webber claims were covered by prevolcanio 
gravel remaining on a broad and fiat bench, on the north 
side of the main river. Just before the rhyolite eruption 

the channel was deepened and a lower flood plain eatab- a 

lished. The first rhyolite now came down, filling the lower C 

flood plain but missing the Excelsior bench. Repeated erosion 

cut down deeper and finally the largest rhyolite flow filled " 

the valley to a level of 2,150 feet at the head of Cedar Creek. ^ 

The gravels of the Excelsior claim had a maximum elevation ^ 

of 2,050 feet and being on the north, flat side of the river 
barely remained above the rhyolite flow. The broad, flat 
valley w&s here easily 2 miles wide. Excelsior and Hang- 
town Hill probably represent exactly the surface of a part fiqcbb is.-8ectioii at Excekior claim, pi«™r. 
of the valley— a succession of broad benches. But after ''"' .*, b c. Fiiiit,^»™id. and uurdp., 
the rhyolite flows a very broad channel of andesitic gravel gnTfi,6iicK!t;c,miid»iietufl.b[«^u!3Gi»t. 
filled the whole valley. 

The projecting spur of the Mother Lode toward the east probably also served to protect 
Excelsior from a covering of rhyoUte, 

CEDAB SFRINO AND OREEN HOUNTAIN CHANKBLS. 

At the head of Coon Hollow the bedrock begins to pitch off and a shaft 100 feet deep started 
at an elevation of 2,040 feet failed to find it. This is the beginning of the Green Mountain and 
Cedar Spring trough. East of Oregon Point the bedrock also begins to sink and rhyoUte appears. 
At the supposed inlet of the Cedar Spring channel the elevation is 2,010 feet; this is a few hun- 
dred feet east of the Cedar Spring tunnel, 1 mile southwest of Placervifle. At this hydraulic 
pit a few feet of coarse gravel with many rhyolite bowlders is capped by 50 feet of rhyolite 
tuff. Thirty feet above the lowest bedrock is the Missamore tunnel, in which new drifting was 
done in 1901 on a bench 20 to 30 feet above the deep channel; another bench is stiU higher. 
Four feet of quartz and metamorphio gravel with a few rhyolite pebbles is capped by a bed of 
pink rhyolite tuff. In the deep ground tlie channel contams, according to Mr. O, W, Kimble, 
20 feet of gravel with many rhyolite bowlders; this ia covered by 70 to 150 feet of rhyolite tuff. 
The gravels on the curving bench contain more quartz gravel and fewer rhyolite pebbles and 
appear rusty, as if exposed to the air for a long time. From the Cedar Spring or Dickerhoff 
tutmet (elevation 2,000 feet), the long swinging benches 10 to 12 feot above the main channel 
have been mined. The tunnel is 900 feet in length and is continued by a 75-foot incline 
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26 feet in vertical depth. The total tunnel grade is 7 feet, consequently the elevation of the 
channel at the end of the tunnel is 1,981 feet. Goodyear states that in the Cedar Spring tunnel 
the channel is at first 300 feet wide but soon expands to between 500 and 600 feet. It is very 
crooked, and the bedrock rises steeply on each side 40 to 60 feet. The pay gravel is from 4 
to 6 feet thick. 

Connection has been made through the hill with the Oreen Mountain tunnel, the portal of 
which is situated on the south side of the ridge. The elevation of the deep channel at the Green 
Mountain tunnel is 1,948 feet, or 17 feet above the tunnel. From the Green Mountain tunnel 
the same channel has been mined southward for several hundred feet, going below Pascoe's 
mill and as far as the divide south of Chile Ravine. From the Pascoe tunnel, which starts in 
bedrock at an elevation of 2,000 feet, one-fourth mile northeast of the Green Mountain tunnel, 
bench gravel without rhyolite cobbles has been mined. Such cobbles appear, however, farther 
in the hill in the same tunnel, on a bench 75 feet above the deep channel. 

The deep channel has a grade of about 50 feet in a little less than half a mile, or about' 110 
feet to the mile, the general direction being from north to south. The swinging benches have a 
much smaller grade. In 1901 the deep channel had not been mined under the ridge south 
of Chile Ravine, but it extends through to some point not yet exactly determined on Webber 
Hill. In a letter of 1911 Mr. G. W. Kimble states that the Green Mountain channel is now 
practically 'worked out. 

A later andesitic channel of no great value appears to run from east to west along this south 
front of the hill. 

SPANISH HILL. 

The flat at the head of Cedar Creek, northeast of the Linden tunnel, is covered with "white 
lava" or rhyolite tuff; one point of bedrock is exposed which probably is on the rim dividing 
the Green Mountain and Linden channels. North of the Cedar Spring tunnel rises Big Spanish 
Hill, the bedrock of which is 25 feet higher than that at the inlet of the Cedar Springs channel. 
High bedrock is found on the rim above Little Spanish Hill, with elevations up to 2,308 feet. 
This high rim descends abruptly to the bedrock of the pit, which has an elevation of 2,170 
feet. The hydraulic bank shows 60 feet of white rhyolite tuff covered by andesite tuff. There 
is no deep channel on Big Spanish Hill corresponding to the deep Green Mountain channel, 
and the gravels probably lie on a bench that is considerably higher than the deep channel and 
rises to Little Spanish Hill. Three deep crevices rich in gold traversed the bedrock in Big 
Spanish Hill. It is uncertain whether they were cracks or fissures or water channels. 

The stream outlined by Spanish Hill, Cedar Springs, and Green Mountain formed a well- 
defined tributary to the main channel in Webber Creek, separated from Coon Hollow on the west 
and from the Deep Blue lead on the east by high bedrock. The absence of andesite gravel 
and of all late andesite channels is noteworthy. There is a great thickness of rhyolite tuff. 
The main character of the channel is the same as that of the Deep Blue lead — a deep rhyolite 
channel and broad, swinging benches. 

DEEP BLUE LEAD AT VTHITE ROCK CANYON. 

The first point where the Deep Blue lead appears is at Georgia Hill, overlooking the South 
Fork of American River on the east side of White Rock Canyon. Here a fraction of the channel 
is preserved, swinging off again on the canyon side of White Rock Point. The bedrock at 
Georgia Hill has an elevation of 2,320 feet (2,340 feet, according to Goodyear),and the section 
illustrated in figure 16 is shown. 

At White Rock Point there is andesite gravel above 30 to 40 feet of rhyolite tuff and thin 
gravel and the deposit forms a bench 25 to 90 feet above the Georgia Hill deep channel. Having 
swung around Wliite Rock Point the channel crosses White Rock Canyon and enters squarely 
into the lava hill southwest of the canyon. The elevation of the bottom of the channel is 
2,218 feet. 
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The deep channel is 30 feet wide and forms a narrow trough with 12 feet of quartz gravel 
mixed with rliyolite bowlders. Two benches 40 feet high, with a few feet of quartz gravel, have 
been mined on both sides of the deep channel, and a third 100 feet higher is said also to have 
been mined on the east side. The benches are probably earlier than the deep channel. Both 
are covered by rhyolite. Probably there was a covering of rhyolite on the 40-foot bench before 
the deep channel was cut and the whole trough filled with rhyolite. 
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FiGTnuB 10.— Dlagnun of deposits in the Deep Blue lead, PlaoetrlUe. a, Bench gzavels and deep gravels of tha 
interrhyoUtlo epoch; b, rhyolltic tuiT; e, andeslte giBvel; d, andesite tuiI>breocia. 

From this locality on the Deep Blue has been mined all along to Smith's Flat except for 
one short interval of less than a quarter of a mile south of the Gas Pipe claim, but details are 
not obtainable. The course on figure 13 (p. 173) was indicated by Mr. Kimble, and it practically 
agrees with Goodyear's data. Some of the benches have been very rich. Those of the Live 
Oak and Roanoke claims are said to have yielded $19 a carload by drifting. 

ANDESITE CHANNEL. 

From Negro Hill a channel has been drifted through to Buell Hill, about one-fourth of a 
mile northward. The bedrock elevation is 2,146 feet (Goodyear). Close by tlie inlet on the 
north side of the Negro Hill ridge is a considerable pit called the Hancock & Salter claim, where 
a considerable amount of andesite gravel is exposed. Mr. Eimble asserts that an andesite 
channel runs through from this point to the east side of the Gas Pipe claim, where, as noted 
above, there is much andesite gravel. It is stated that this andesite channel was drifted through- 
out in a southwest direction and was 40 feet wide. It ran at an angle with the older rhyolite 
channels, planing off the top of the old bedrock ridge dividing the Negro Hill channel from the 
Deep Blue. 

DEEP BLUE LEAD AT SMITHS FLAT AND PROSPECT FLAT. 

At Smiths Flat the channel has been mined by a shaft 90 feet deep. The surface elevation 
at Smiths Flat is 2,239 feet, while the deepest channel lies at 2^149 feet. Important work was 
in Progress at Prospect Flat when Goodyear visited Placerville in 1871. 

The Lyon mine is situated on Prospect Flat, a semicircular valley near Smiths Flat, sur- 
rounded by bluffis of rhyolite and andesite. The elevation of the collar of the old Robinson 
shaft is 2,214 feet (Goodyear). The bottom of the channel has an elevation of 2,114 feet. 
Goodyear says that the pay gravel was 13 feet thick and covered by *^ white lava." The deep 
channel is 100 feet wide, and the benches as wide or wider. Both deep channel and winding 
benches, as outlined on figure 13, were mined here. The total yield was $1,400,000. There are 
three benches 20, 64, and 90 feet above the deep channel. Between Bendfeldt's incline and 
the Robinson mine the Deep Blue lead has not been worked, but probably extends from the 
incline up to Smiths Flat. The exact level of the bottom of Bendfeldt's incline is not obtain- 
able. It is situated about one-fourth mile southeast of Smiths Flat, at the big water wheel, 
and was 700 feet long; the channel was worked for some few hundred feet southwest. 

LINDEN MINE. 

The next point where the channel has been worked is at the Linden tunnel, one-fourth 
mile above the Cedar Spring tunnel, at an elevation of 2,028 feet. The tunnel first goes through 
the high rim of bedrock separating the Linden from the Green Mountain channel. Bending 
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covered by a thick sheet of this tuflF. The total yield from drifting operations amounts to 
several million dollars. 

The grade from White Rock to Prospect Flat is 39 feet to the mile, the direction being 
nearly north-south and the distance 3 miles. From Prospect Flat to the Linden mine the grade 
is 53 feet to the mile, the direction being southwest and the distance If miles. The benches 
had throughout a lesser grade than the deep channel. According to Mr. Kimble they were 
almost level in places in the Green Mountain channel. Mr. Kimble's data do not agree entirely 
with the figures from the grades stated above. He gives for the Deep Blue from the Gas Pipe 
claim to Smiths Flat 53 feet to the mile and for the Green Mountain channel 98 feet to the 
mile. 

The elevations given are summarized below: 

Deep channel elevations at PlacerviUe. 

Vtet. 

Georgia Hill 2,320 (2,340 Goodyear). 

White Rock 2,218 (2,243 Goodyear). 

Smiths Flat 2,149 

Prospect Flat 2,100 (2,114 Goodyear). 

Linden mine (west side of claim) 2,028 

Green Mountain, north end 2,010 

Green Mountain, south end, at Kimble's tunnel 1,948-1,931 

Deepest bedrock, Texas Hill 2,000 

Deepest bedrock, Webber Hill 1,898 

Deepest bedrock. Excelsior 1,985 

Tr>' Again tunnel 2,150 

OBIZZLT FLAT AND FAIR PLAT. 

In taking up the southeast corner of the quadrangle we leave the basin of the Tertiary 
American River and enter that of the Tertiary Mokelumne, the intervening stream, the Cosumnes 
having no Tertiary representative. The headwaters of the western branch of the Tertiary 
Mokelumne River were south of Baltic Peak, a rough slate ridge, which, rising abruptly about 
1,000 feet above the stream beds, separated this basin from that of the American. This stream 
flowed south-southwestward and its deposits underlie the andesitic tuff area of Grizzly Flat, 
where its valley is 500 feet deep and about 6,000 feet wide. The gravel deposits are thin and 
narrow; the inlet is located 1\ miles north-northeast of Grizzly Flat, above the Melton mine. 
The rim of the channel is again visible in a gulch three-fourths of a mile north of the town, 
and finally a short distance northeast of the town. Hydraulic work and drifting have been 
carried on at several places. 

The channel appears again at Henry Di^ngs, 3 miles farther south, underneath a small 
andesite area on a ridge 800 feet above the Cosumnes, the interval having been eroded by 
Steeley Fork. The gravels of Henry Diggings are reported to have been rich. The elevation 
of Grizzly Flat being taken as 3,750 feet and of Henry Diggings as 3,550 feet, the grade would 
be about 60 feet to the mile. 

South of the Middle Fork of the Cosumnes the channel enters the Brownsville or Mendon 
Ridge probably at a point about due south of Henry Diggings. The connections are not 
established with certainty, but it is probable that the channel continues southward, crossing 
Cedar Creek about half a mile west of Mendon at an elevation of 3,000 feet and the South Fork 
of Cedar Creek at the Leventon incline, 1 mile north of Indian Diggings, at an elevation of 
3,050 feet. This incline is 280 feet long at an angle of 15° and failed to reach the bottom of 
the channel, the deepest point attained having an elevation of 2,985 feet; a heavy flow of 
water stopped operations. A bench of quartzose and metamorphic gravel was found; some 
of the slate bowlders were very large and smoothly washed. On the assumption that the 
distance is 4 miles from Henry Diggings, the grade would be 144 feet to the mile. The general 
direction of the stream seems to have turned westward south of Cedar Creek and the outlet 
was probably near Boughman's old sawmill, 2 miles west of the Leventon incUne. Possibly 
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there is also a channel underneath the lava ridge north of Cedar Creek. The general direction 
from this locality seems to have been south westward along Cedar Creek^ and the channel beyond 
the interval eroded by the present South Fork of Cosumnes River probably entered the lava 
ridge 3 miles east-northeast of Oleta, where the bedrock elevation is 2,200 feet. Assuming a 
distance of 10 miles from the Leventon incline would give an average grade of 77 feet to the 
mile. Rhyolite appears in the deepest part of the channel near Oleta and the bedrock rela- 
tions show that the Tertiary stream crossed over into the Jackson quadrangle. 

A gravel deposit covered by rhyolite tuff and probably belonging to this stream caps the 
top of the ridge between Cedar Creek and Flat Creek 2 miles east-southeast of Mount Orcum, 
at an elevation of 2,450 feet. 

There remain to mention three points of importance, which, however, are not located on 
the principal Tertiary streams. At these three points rock gravels covered outcrops of lime- 
stones of the Calaveras formation and were found in those irregular and deep potholes which 
so frequently occur on limestone bedrock. The first of these places is at Slug Gulch, 2 miles 
east of Fair Play. A channel appears to traverse the narrow lava-capped ridge and its con- 
tinuation is probably found toward Fair Play. Hydraulic operations have been carried on 
here for many years and production is still maintained. The gold is very coarse. The 
diggings at Mendon or Brownsville, 4 miles farther east-southeast on the same ridge, appear to 
be exhausted. The third locality, at Indian Diggings, 6 miles east-southeast of Fair Play, 
has been extremely productive, and even now an annual output of $7,000 to $10,000 is main- 
tained from drifting and sluicing. The bedrock here is a wide belt of limestone striking east 
and west; it is decomposed to great depth and contains numerous rich potholes. The elevation 
of the bedrock is 3,200 feet, which shows that the locality is not on the main channel disclosed 
by the workings of the Leventon incline, 1 mile to the north. 

Gravels of various ages are present in the Fair Play region; there are evidently older 
benches of pre volcanic quartzose gravel and deeper incised intervolcanic stream courses. The 
investigation has not been detailed enough to describe these channels in detail. Many of the 
older benches are rich, but it seems as if in the younger channels the accumulation of gold had 
not proceeded long enough to form valuable deposits. 



CHAPTER 16. THE PYRAMID PEAK QUADRANGLE. 

GENERAL GEOLOGY. 

The Pyraznid Peak quadrangle, which adjoins the Placerville quadrangle on the east, 
comprises about 1,000 square miles of the sunmiit region of the Sierra. It includes the eastern 
part of the main block of the Sierra Nevada, the crest hne of which lies just west of Lake Tahoe 
and reaches an elevation of a Uttle over 10,000 feet. On the whole the surface of the block 
slopes evenly toward the west, unbroken by faults or deformation. 

Granitic rocks, which are described in detail in the Pyramid Peak folio,* occupy the largest 
part of the area. Along the eastern boundary hne the granitic rocks adjoin, with irregular 
intrusive boundary hne, the Carboniferous Calaveras formation. A few small isolated areas 
of sedimentary rocks and greenstones, probably of Triassic age, lie in the granites of the north- 
eastern part of the quadrangle. Tertiary volcanic rocks cap most of the ridges to the south 
of South Fork of American River. 

The fault line along the western shore of Lake Tahoe bounds the main block of the Sierra 
on the east but appears to die out a few miles south of Fallen Leaf Lake. A few miles to the 
east the fault along the east side of Lake Tahoe Ukewise dies out, and south of this the western 
block continues unbroken across into the Markleeville quadrangle, where it is bounded on the 
east bv the Carson fault. 

GOLD-BEARING AREAS AND PRODUCTION. 

The quadrangle is outside of the gold belt except for a narrow strip along the western 
boimdary hne. The gold-bearing area practically covers the extent of the Calaveras formation, 
and creeks and rivers become barren as soon as they pass from this formation into the granite. 
Few quartz veins are, however, contained in these slates, and the watercourses have generally 
been poor in gold. The total production is small. 

TERTIARY GRAVELS. 

The prevolcanic gravels which lie upon the old bedrock surface of the range, such as it was 
before being flooded by lava and trenched by the modem canyons, are not represented in this 
quadrangle. The rivers deposited scarcely any d6bris in the upper part of the range near their 
headwaters. The Tertiary gravels occur only along the western boundary of the quadrangle, 
and generally in very small exposures. They are interbedded with rhyoUtic tuffs, and are 
found only in the bottom of the old depressions. 

In the southwestern part of the quadrangle the gravels contain gold and have been worked 
in many places. The main channel of the Tertiary South Fork, coming down from the vicinity 
of Round Top, passed by the sites of Morrison, Ditch Camp 7, and Bullion Bend. The first 
gravels are seen at Ditch Camp 7, where a small patch, about 8 feet thick, has been hydraulicked 
with satisfactory results. On the hill northwest of Bullion Bend, 600 feet above the present 
river, are several small patches of gravel, with a maximum depth of 40 feet, containing rhyolite 
pebbles. These have been washed with good success, and some gravel still remains. A deeper 
postrhyolitic channel, though less rich, has been worked under the lava 1 mile eastward. 

The rest of the Tertiary gravels in the quadrangle are found along the tributary joining 
the old Mokelunme River at Fort Grizzly, and extending, with a general north-south direction, 
up toward an old divide north of Camp Creek, Cosumnes River not being represented in the 
Tertiary drainage system. The shallow gravels under the lava have been worked at and west 

^ Pyramid Peak folio (No. 31), Oeol. Atlas U. 8., U. S. Oeol. Survey, 1896. 
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of Van Horn Creek, a tributary to the North Fork of the Cosumnes; near the head of Steeley 
Fork, where some hydraulic work has been done, and 1 mile east of Dogtown, where the channel 
crosses the two branches of the North Fork of the Middle Fork of Cosumnes River. Here a 
few feet of gravel resting on granitic bedrock is covered by rhyolitic tuffs, and considerable 
work has been done by means of sluicing and hydrauUcking, the banks reaching a height of 
about 30 feet at Candell's and Estee's claims. The ground is said to have been very rich in 
places. The channel continues southward td Mayer, and is there indicated by rhyolitic tuffs 
covering gravels of slight thickness. At this point the gravels are very profitably washed on a 
small scale. Four miles west of Mayer, on the same ridge, is another and smaller channel, on 
which some work has been done at the head of the rich Russian Ravine and at Acksley's claim, 
half a mile northeast of Lane's tunnel. The gravel is shallow and covered by a white tuff. 
Quartz pebbles are common here, as in the other channels. Lane's tunnel was driven 900 feet 
imder the lava in order to find this channel, but is said to have been located at too high an 
elevation. South of Mayer, across the Middle Fork of the Cosunmes, a Uttle hydraulic work 
has been done on the same channel. Farther southwest small hydraulic cuts indicate where 
the higher or rhyoUtic channel crosses Sopiago Creek. A lower postrhyoUtic channel crosses 
the same creek at Barneys. At Fort Grizzly this important tributary joined the old Mokelumne 
River. A great deal of placer mining has been done in this locaUty , and a Uttle is still in progress. 
The rhyoUte attains a maximum thickness of 300 feet, and at Fort Grizzly goes down to the 
level of the creek, so that it is not probable that the very bottom of the Mokelumne channel is 
exposed. There is a considerable quantit}^ of partly washed quartz and metamorphic pebbles, 
but the actual thickness of gravel below the rhyoUte is probably not great. 

QUATERNARY GRAVELS. 

The Quaternary gravels in the whole northeastern part of the quadrangle are practically 
barren, though in some streams scattered colors may be found. In the southwestern part the 
gravels in some places are rich enough to be worked, though poor compared to the deposits 
farther down on the slope of the Sierra. The workable deposits, as a rule, begin to appear 
along the eastern edge of the Calaveras formation, though some are found on the adjoining 
granite and diorite. Some placer gold is found on Little Silver Creek, in the Calaveras forma- 
tion; a httle occurs also on the South Fork of American River, at the western boundary of the 
quadrangle; and the different branches of the Cosumnes have been worked with some profit 
at several places along the western border. One of the richest gulch deposits was found at 
Russian Ravine, a small tributary from the north to the Middle Fork of the Cosumnes, 3 miles 
west of Morgan, from which, it is said, gold to the value of $50,000 was extracted. The various 
tributaries to Mokelumne River along the southern margin of the quadrangle are practically 
barren. Some fine gold occurs in the gravels of Silver Fork, north of HeUs Delight Valley, but 
scarcely in workable quantities. Some rich placer ground is said to have been foimd long ago 
in a gulch about a mile southwest of Mokelumne Peak. 

RHYOL.ITE. 

The rhyoUte is confined almost entirely to the southern part of the quadrangle and occupies 
only a relatively few square miles. A flow of rhyolite once filled the bottom of the Tertiary 
valley of American River, the lower Mokelumne and its Dogtown tributary, but is now partly 
eroded and partly covered by andesite. The places of eruption of this acidic lava were located 
without doubt in the eastern portion of the quadtkngle. The principal flow can be traced to 
the high volcanic complex about 4 miles south oMEcho. Flowing down a steep tributary, it 
found the main Tertiary river near the present* bend of Silver Fork, and followed it down by 
Morrisons and Plum Creek. A small flow of this lava followed the Dogtown tributary by Pi Pi 
Valley and Sopiago Creek to the larger areas at Fort Grizzly. Whence this flow and that of the 
Dogtown tributary came is uncertain; possibly a local eruption took place in this vicinity, for 
between Fort Grizzly and Silver Lake no trace of the rock is found. 
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Before the andesitic eruption the surface of the rhyolite suffered considerable erosion, so 
that its thickness differs much in different places. The heaviest masses are not found near 
the place of eruption, but near the western boundary of the quadrangle. A maximum thick- 
ness of 400 feet is foimd on Plum Creek, but ordinarily the thickness does not exceed 300 feet 
and locally it is much less. A tendency to form steep blufiis distinguishes the rock in many 
places. It is commonly massive, tuffs occurring only near the western boundary of the quad- 
rangle. The normal rhyolite is a white, gray, or pink fine-grained rock, somewhat porous and 

easily dressed with the hammer. 

ANDESITE. 

The andesitic flows were the latest of the Neocene series of eruptions and cover large areas 
in the southern part and the northwest comer of the quadrangle; the northeastern part is 
remarkably free from them. In general, the andesitic rocks now form the tops of the ridges, 
but the contact line with the underlying granitic or schistose series is far from being as regular 
and even as it is at many places lower on the slope of the Sierra; indeed, proofs are everywhere 
abundant that the surface upon which the andesitic lavas flowed out was an irregular one of 
considerable relief. The present canyons, however, have been cut considerably below the Neocene 
surface, and during this process a great part, perhaps half, of the original volume of the lava 
flows has been removed. It is evident that the flows once covered continuously almost the 
whole southern half of this quadrangle, and that only a few higher bedrock points near Round 
Top, Mokelumne Peak, and possibly Leek Spring Hill projected above the volcanic plateau. 
On the other hand, it is also evident that the larger part of the northern, higher half has never 
been submerged in a similar manner. In many places in the deeper parts of the old channels 
the andesite rests on rhyolite, but over the larger part of the area it lies directly on granitic or 
schistose rocks. These appear, in the few good exposures, to be soft and crumbling, but no evi- 
dence of any notable accumulations of d6bris has ever been found except in some of the chan- 
nels, as stated above. The thickness of the flows is considerable. In the northwest comer of 
the quadrangle it reaches 1,000 feet; in the southwestern part it ranges from a few hundred 
up to 1,000 feet along the deeper drainage channels. The greatest thickness is found on the 
northeast side of Silver Lake, where it reaches 2,000 feet. 

In the eastern glaciated part the exposures are very much better; in numberless places the 
beautifully bedded appearance resulting from the superimposing of numerous flows of slightly 
differing structure is brought out. These long slopes, of a somber dark-gray or reddish-gray 
color, covered by scanty herbage or scattered trees, alternate with precipitous waUs strongly 
resembling fortifications with scarps, parapets, and buttresses. In places where erosion has car- 
ried its work still further, as in the vicinity of Thimble Peak, peaks and pinnacles of the most 
fantastic form result. 

The andesitic flows consist almost entirely of tuffs and tuffaceous breccias in an indefinite 
number of sheets, differing in hardness as well as in size and abundance of the andesite bowlders, 
which range up to several feet in diameter. They all consist of angular andesite fragments 
bound in a cement of finer andesitic detritus; very little nonandesitic material is present, though 
granitic bowlders may occur here and there. The andesite is a dark, rough, and porous rock, 
containing porphy ritic crystals of plagioclase and almost invariably pyroxene, principally 
augite but also h]rpersthene; hornblende is less abundant, but also common; the groundmass 
varies from microcrystalline to glassy. Flows of massive andesite occur rarely, but in many 
places near the volcanic centers the tuffs and breccias contain necks of massive hornblende 
andesite, as on Old Round Top, north of Twin Lakes. 

TERTIARY TOPOGRAPHY. 

As there are, within this region, no evidences of Neocene or post-Neocene faulting, nor 
evidences which would lead to the belief that any strongly marked deformations of the surface 
have occurred, it follows that a study of the numerous contact lines of the Neocene eruptive 
rocks with the underlying ** Bedrock series'' may give a correct idea of the detailed topography 
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of the surface on which these flows were spread. Over a large portion of the region it would, 
indeed, be feasible to reconstruct the Tertiary surface and indicate the relief by contour lines. 

In general the Tertiary surface of tliis quadrangle was characterized by broad high plateaus 
and level-crested ridges. The rivers flowed in sharply defined valleys with steep slopes, not 
quite 80 abrupt, however, as in the modem canyons. 

North of American River extended a wide granitic plateau. This region has not been 
covered by andesite, and its present drainage is not very different from that of Tertiary time. 
Then as now the flat ridges of Robbs Peak rose above it on the west, while on the east it was 
bordered by the lofty sunmiits of the Pyramid Peak Range (see PL XIX, A, p. 134), rising about 
3,000 feet above it. The Pyramid Peak Range is continued northward beyond the limits of 
this quadrangle by McElinstry Peak, Snow Mountain, English Mountain, Sierra Buttes, and the 
Grizzly Mountains. It is a very old divide of the early Tertiary or pre-Tertiary representative 
of the Sierra Nevada. South of Pyramid Peak this old divide can not be definitely traced. It 
is probable that its level-crested summits, as well as those of Robbs Peak, form the remnants 
of a very old, probably Cretaceous, topographic surface. 

South of American River the main granitic plateau extended to the southern and eastern 
boundaries of the quadrangle, except where trenched by the Tertiary equivalent of Silver Fork 
and the Mokelunme, and it attains a present elevation of over 9,000 feet near Round Top. 
Local eminences or monadnocks rise from 500 to 1,000 feet above it, the most conspicuous being 
Mokelunme Peak, in the southeast corner of the quadrangle. 

We have then, first, a probably Cretaceous surface represented by the highest eminences; 
and, second, a Cretaceous or early Tertiary surface or approximate peneplain. The latter is 
distinctly and deeply trenched by probably Eocene canyons, excavated before the deposition 
of any of the gravels on the lower slope. 

The Tertiary American River followed almost exactly the course of the present canyon 
of South Fork up to its very head, trenching the plateau from east to west. The present canyon 
is from 2,000 to 2,500 feet deep. T}ie Tertiary canyon had cut down within 500 feet of this depth. 
In other words, the present canyon has simply been evenly deepened 500 feet throughout its 
course from the western boundary line of the quadrangle to a point near PhiUips, 5 miles from 
its eastern line. 

The canyon of the present South Fork is suddenly cut off at Johnsons Pass, near Audrain 
Lake, by the deep and narrow trench of the Upper Truckee, draining northward into Lake Tahoe, 
and the river has no normal headwaters. The andesite occurring in the canyon of the upper 
South Fork proves that it existed practically in its present form before the andesitic eruptions. 
From this pecuUar wind gap of Johnsons Pass (elevation 7,400 feet) another entirely similar 
wind gap, 1,500 feet deep, lying to the southeast, may be perceived across the Little Truckee 
Canyon. This is Luthers Pass (elevation 7,700 feet), leading over into Hope Valley (in the 
Markleeville quadrangle), and the basin of Carson River. No other explanation of thede facts 
appears possible than that the South Fork of the American formerly rose in Hope Valley, that 
Carson River has captured the headwaters, and that the Upper Truckee has cut the canyon in 
two. As it is known that Hope Valley was a few hundred feet lower than Luthers Pass at the 
time of the andesite flows, it may be concluded that these events happened before the beginning 
of the volcanic eruptions. 

The other branch of the Tertiary American River headed, as noted above, near Round Top, 
and its headwaters were of a normal character. Near the western boundary of the quadrangle 
it was separated from the tributaries of the Mokelunme by a comparatively low divide, but its 
canyon deepened rapidly eastward and is well exposed by Alder Creek, cutting across the channel 
at Morrison. A narrow ridge 1,500 feet high separated this branch from the northerly fork, just 
described. Southward the slopes also rose rapidly 1 ,500 feet to the rolling, high granitic plateau 
culminating in Leek Spring Hill. East of this plateau the topography gradually grew more 
rugged, and the character of the broad shoulders of granodiorite separated by deep canyons is 
very clearly indicated by the contact Unes. 
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The basin of the Tertiary Mokelumne River in this region coincides, roughly speaking, with 
its present basin, but also takes in the headwaters of the present Cosunmes. The old channel 
of the Mokelumne is exposed near Fort Grizzly, whence it continues southwest below the andesite 
ridge into the Jackson quadrangle. It can be traced upward, crossing Tiger Creek at Tarrs 
Saw Mill and Panther Creek near Dutch Henry. It probably crossed the southern boundary near 
Westmoreland, and is again found in the Big Trees quadrangle south of the present river. 

South of this channel line the andesite contact rises several himdred feet, but the great 
Mokelumne Canyon has eroded the larger part of the Neocene valley slope. Northeast of Dutch 
Henry the Tertiary surface rose 1,700 feet in 2 miles, to the level of the plateau of Leek Spring 
Hill. The modem canyon of the Mokelumne is in this vicinity no less than 1,200 feet below the 
Neocene river. 

An important tributary, which will be referred to as Dogtown Creek, joined the Mokelumne 
at Fort Grizzly and extended northward to Camp Creek. With its several branches it occupies 
the rather wide Neocene valley lying between the Leek Spring Hill plateau and another high 
plateau in the adjoining Placerville quadrangle of which Baltic Peak is the remnant, rising to an 
elevation of 5,100 feet. 

Along the main Tertiary valleys of the American and the Mokelumne there is evidence of thfe 
existence of two channels, the later one being eroded in the interval between the rhyolitic and 
the andesitic flows. This intervolcanic erosion produced an irregular surface of the rhyohte, 
and in many places the new channel cut through the rhyolite and trenched the bedrock surface 
below that rock. This is shown near the bend of Silver Fork, northwest of BuUion Bend, near 
Morgan, and on Sopiago Creek, while along Plum Creek it is evident that the rhyohte flows, which 
here are very deep, had not been cut through. Nowhere does the later channel he more than 100 
feet below the earUer one, and the general character of the surface was not affected by this erosion. 

GRADES OF THE TERTIARY STREAMS. 

The Tertiary American River, as explained above, followed closely the present canyon of 
the South Fork, from BuUion Bend (elevation 3,600 feet) to Johnsons Pass (elevation 7,500 feet). 
In a distance of about 28 miles, following the probable river curves of the old stream, there is a 
grade of 139 feet to the mile. The grade of the lower half varies from 100 to 133 feet to the mile; 
the upper part, from Georgetwon Junction to Johnsons Pass, had a grade of 160 feet to the mile. 
The direction of the river is throughout a few degrees south of west. From Johnsons Pass to 
Luthers Pass the direction of the former channel is northwest and the grade is only 50 feet to the 
mile, which seems to indicate that the fault lines on each side of Lake Tahoe have not appreciably 
disturbed the rocks 10 miles south of it. 

The grade of the tributary which joined the main river at BuUion Bend and headed near 
Round Top is 160 feet to the mile, the direction being a few degrees north of west, but the grade 
increases rapidly from 170 feet to the mile in its lower course to 220 feet to the mile near the head- 
waters, a short distance north of Round Top. 

The tributary to the Tertiary Mokelumine River which joined it near Fort Grizzly after a 
southward course of about 12 miles has a grade of only about 100 feet to the mile. 



CHAPTER 17. THE MARKLEEVILLE QUADRANGLE. 

GENERAL GEOLOGY. 

The Markleeville quadrangle adjoins the Pyramid Peak quadrangle on the east. The 
Califomia-Nevada State line passes through it diagonally from Lake Tahoe on the northwest 
to Antelope Valley on the southeast. In California the area comprises small parts of Eldorado 
and Mono counties and the larger part of Alpine County. The Nevada portion lies in Douglas 
County. No geologic map of this quadrangle has been issued, but the main features are known 
from reconnaissance work by H. W. Turner in earlier years and by the writer and H. C. Hoover in 
1895. (See PL I, in pocket.) The southwestern part includes the eastern slope of the Sierra 
Nevada; along the eastern boundary extends the first of the ranges of the Great Basin, the Pine 
Nut Mountains, separated from the Sierra by a low pass. North of this pass, at an elevation of 
5,000 feet, lies the broad and flat Carson Valley, reaching from the gentle slope of the Pine 
Nut Mountains on the east to the abrupt scarp of the Sierra south of Carson. South of the 
pass opens the Antelope Valley, drained by West Walker River, which in the extreme southeast 
comer of the quadrangle hugs another steep escarpment of the great range. The highest points 
of the Sierra, in this quadrangle, fall a little short of 11,000 feet in elevation. 

The western part of the quadrangle is essentially a high, glaciated ridge of granite and 
granodiorite, beginning on the north in the narrow buttress rising between Lake Tahoe and 
Carson Valley. Along the southern edge of the quadrangle granitic rocks reach across to West 
Walker River and form the steep escarpment west of Antelope Valley. Most of the rock is 
granodiorite. North of Hope Valley, extending up to Jobs Peak, the granodiorite is replaced 
by a normal quartz monzonite or granite similar to that which in the quadrangle to the west 
forms the conspicuous Pyramid Peak range. Almost everywhere the granitic rocks are jointed 
and fissured, in strong contrast to conditions farther down on the west slope. This jointing 
is especially developed in Charity Valley (PI. VII, B, p. 32); in Summit Creek, southeast of 
Round Top, and in the West Carson Canyon. The most prominent joints strike north or 
north-northwest and dip from 40° to 80° east or west. At the Blue Lakes and Indian Valley 
the direction is east and west. 

A few small bodies of metamorphosed sedimentary rocks are embedded in the granite 
or granodiorite and have suffered much change from both regional and contact metamorphism. 
All of them present characteristics suggesting identity \\dth the Triassic and Jurassic rocks 
appearing near the granite contact in the Pyramid Peak and Truckee quadrangles. One 
of these areas near Stevens Peak is conspicuous by the bright-red color of the outcrops and 
consists of black clay slates, quartzitic schists, and some limestone. The schist near Freder- 
icksburg, at the mouth of the West Carson Canyon, is composed largely of amphibolite. A 
somewhat larger area of metamorphic rocks is exposed at the northern edge of the quadrangle 
from the Hot Springs to Genoa. The rocks are in part amphiboUtic greenstones, but siliceous ' 
slates and clay slates are also present and dip west at moderate angles. The schist areas in 
the Pine Nut Mountains which, south of the Mountain House, extend up to the State Une are 
somewhat different and consist chiefly of Ught-gray slates, in places altered to knotty schists. 
Highly pressed conglomerates with flat pebbles are also present. The areas exposed are not 
large. 

The volcanic rocks which cover the larger part of the quadrangle are divisible into two 
distinct series. The first comprises the main area of volcanic rocks in the center of the quad- 
rangle with scattered patches resting on the uneven granite surface of the western part of the 
quadrangle. These rocks are identical with the andesitic flows and tuffs that cover so large 
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a part of the western slope of the Sierra. Their period of eruption falls in the latest part of 
the Tertiary. The rocks are Uttle altered by static metamorphism and their rough dark-brown 
outcrops are very characteristic. Both hornblende andesites and pryoxene andesites are 
present and minor areas of rhyoUte and basalt are also found. The andesites are largely breccias, 
in places tuffaceous, but generally not so plainly stratified as the tuffs of the western slope. 
Necks and masses of solid andesite penetrate the breccias at many points, and it seems likely 
that the points of eruption for a large part of the flows of the western slope were located in 
this vicinity. The thickness of the andesitic masses is very considerable; near Silver Mountain 
a section between 3,000 and 4,000 feet thick is exposed. 

Igneous rocks of a different class are exposed in the Pine Nut Mountains. There is a 
small area of granite at the summit about 8 miles northeast of Mountain House and small areas 
of diorite near the north end of the range, but with these exceptions the Pine Nut Mountains 
consist chiefly of porphyritic rocks of a great variety, but showing throughout the characters 
of surface flows. Hornblende andesites, pyroxene andesites, light-colored rhyolitic rocks, 
and some diabase breccia are all represented. The outcrops form yellowish-brown, rather 
smooth hills, contrasting strongly with the rough reddish outcrops of the andesites of the Sierra. 
The rocks of the Pine Nut Mountains are throughout somewhat altered by chloritization and 
present unquestionably an older aspect than the andesites, which, moreover, near the Moun- 
tain House distinctly overUe them. The Pine Nut Mountains are continued northward by 
the Virginia Range and at least a large part of the igneous rocks of that range are probably 
older than the andesites of the Sierra Nevada. 

The higher region of the western part of the quadrangle was covered by glaciers in Qua- 
ternary time, but they mainly extended toward the west and probably in no place reached the 
level of Carson Valley. 

Sl'RUCTURAL. FEATURES. 

At least three main dislocations of the fault system of the eastern slope traverse the Mark- 
leeville quadrangle. Along the southern boundary line the main granite mass of the Sierra 
extends across the quadrangle to Antelope Valley, where a steep eastward-facing escarpment 
marks the most southerly of the fault lines. This steep escarpment, from 3,000 to 4,000 feet 
in fieight, continues in a north-northwesterly direction, with gradually decreasing height, as 
far north as Mountain House, where the Pine Nut Range may be said to begin. The relation 
of this part of the Pine Nut Mountains to the scarp is not quite clear. 

The second fault line extends from the vicinity of Silver Mountain and Grovers Springs 
to the mouth of West Carson Canyon and northward to Genoa and Carson. The escarpment 
marking this line attains its greatest height at Monument Peak, where an unbroken slope of 
5,200 feet in 3i miles descends to the level of Carson Valley. 

The third fault line is that following the western shore of Lake Tahoe; about 10 miles 
south of the lake this fault appears to bend to the west and join the dislocation on the west 
side of the lake. 

It has been shown that the depression of Lake Tahoe already existed in the early 
part of Tertiary time.* This last-mentioned fault scarp, then, is of considerable antiquity 
and there is no evidence whatever that faulting, even on a small scale, has recurred along it in 
post-Tertiary time. The slopes are fairly steep and from 2,000 to 3,000 feet in height, but, 
unlike the eastern slope, the lower declivities are usually more gentle than the upper. West 
of Luthers Pass this fault has apparently died out entirely and farther south the main block 
of the Sierra continues unbroken until the Genoa fault line is reached. 

In a similar manner the Genoa fault line dies out south of Markleeville and, as stated above, 
at the southern edge of the quadrangle the main block of the Sierra continues unbroken to the 
escarpment at Antelope Valley. South of West Carson Canyon the andesite Ues piled up 
against the Genoa fault scarp and there is no indication that any postvolcanic movement has 

taken place along this part of the line. But from the vicinity of Woodfords northward the 

 < 

I Tmckee folio (No. 39), GeoL Atlas U. S.. U. S. GeoL Survey, 1897. 
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conditions change entirely. The escarpment increases in height and steepness. Carson River 
follows its eastern base closely and swampy meadows actually reach the very foot of the fault 
scarp. At least three successive dislocations have taken place along this fault line. Some 
movement has occurred within the last 50 years. From Walleys Hot Springs to Genoa the 
scarp rises with extreme abruptness and cloud-bursts have often carried enormous bowlders 
far out in the valley. The precipitous slopes are practically denuded of forests and more land- 
slides may be expected. The slope is steepest close to the valley and gradually lessens with 
increasing height. This characteristic alone strongly suggests dislocation. A mile north of 
Grenoa evidences of recent disturbance begin. At this place a debris fan is clearly faulted. At 
Walleys Hot Springs a distinct fault line at the foot of the escarpment can be traced for 2,000 
feet, within which distance the small debris fans at the mouths of the gulches are faulted, the 
scarp being about 40 feet high. Between the little gullies the fault cuts the solid rock, which 
is extremely crushed; large blocks show slickensides and striated faces coated with quartz and 
calcite; seams of these minerals also traverse the granitic rock in all directions. Just at the 
face of the fault are several outcrops of a rusty-looking rock having the appearance of a fissure 
vein which has been deposited by the hot water along the fault plane befpre being exposed by 
this last dislocation. A shaft about 50 feet deep has been sunk here and the material is said 
to contain some gold. 

An enormous amount of water issues as springs along this dislocation. One mile south of 
Sheridan probably 1,000 gallons a minute issues within a quarter of a mile at the very foot of 
the projecting shoulder of Jobs Peak; one of these springs is tepid. About 2 or 3 miles farther 
north are more exceptionally large springs and beyond this begins the line of Walleys Hot 
Springs, 2,000 feet long; these come out so continuously along tUs distance that the aggregate 
volume is probably large. The temperature at the hottest spring is 146^ F. The water is 
rich in hydrogen sulphide, but contains so little of the dissolved salt that it can be used for irri- 
gation. No spring deposits are formed. According to an analysis by J. Warren Phillips the 
hypothetical composition of the water is as follows: 

Analysis of water at Walleys Hot Springs. Parts 

Sodium sulphate 212. 808 

Potaflsium sulphate 11. 605 

CJalcium sulphate 37.602 

Sodium hyposulphite 6. 930 

Sodium bicarbonate 11. 066 

Sodium borate 29.816 

Sodium chloride 81.900 

Silica 48.900 

Alumina 500 

Ammonia 035 

Carbon dioxide 111.109 

552. 270 

The relation of the alluvium of Carson Valley and the escarpment is sufficient proof of a 
downthrow on the east side of the dislocation. 

Other evidence tends to show that a dislocation had already taken place along this line 
in Cretaceous or early Tertiary time. In examining this question the general configuration of 
the Tertiary surface must be considered. The summits of the main granite ridges of the quad- 
rangle show in places characteristic gentle slopes which break off abruptly into scarps of fault- 
ing or erosion. It is held that these gentle slopes represent the remnants of an old topography 
which far antedates the andesitic flows, the gravels, and probably the entire Tertiary period. 
At Luthers Pass a conspicuous wind gap is cut about 1,500 feet below the gentle slopes. This 
remarkable depression connects with a similar one across Little Truckee River, in the Pyramid 
Peak quadrangle, and the latter is clearly shown to have been the valley of the Tertiary Amer- 
ican River. Where the upper headwaters of this stream, east of Luthers Pass, w^ere situated it 
is impossible to say, for about 600 feet below it now extends the broad and gentle depression 
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of Hope Valley containing the headwaters of West Fork of Carson River. The inference is 
that owing to dislocations along the eastern base the West Carson, at some epoch long prior 
to the andesitic flows, captured the headwaters of American River and within the area occupied 
by them carved a depression several hundred feet below the old level of the American. The 
contact lines of andesite and granite show that at the time of the andesitic flows Hope Valley 
existed much in its present form. The river, now as then, traverses it in gentle meanders and 
its outlet at the time just prior to the andesitic flows was through West Carson Canyon, which 
then was less deep and had an even stream bed of moderate grade. In the canyon, flows of 
andesite now descend to an elevation of 7,200 feet, but not lower. The present character 
of the canyon and the relation of the andesite areas bear testimony to a recent rejuvenation of 
the powers of the stream and it is concluded that the postandesitic faulting at the mouth of the 
canyon amounted to about 2,000 feet. It is only a matter of time when the river will cut back 
farther and change the gentle slopes of the valley to abrupt canyon sides. 

The Tertiary surface of the range in the western part of the Markleeville quadrangle pre- 
sented a strongly accentuated topography, with broad, open valleys, above which the granitic 
ridges rose to heights of 3,000 and 4,000 feet. The details can not be traced out at all points, 
because this whole block has been greatly crushed by the stresses effecting the uplift of the 
Sierra and in many places within the block faulting parallel to that of the main scarp has taken 
place. 

The two branches of Carson River, referred to as East Fork and West Fork, exhibit some 
striking differences which are due to the postvolcanic disturbances. The East Fork traverses 
from south to north the entire main volcanic area and, so far as can be seen, has not been affected 
by later faulting. This stream is throughout well graded and flows for the most part in an 
open valley lined with gravel terraces, the highest of which are about 100 feet above the river 
level. The terraces are probably due to recent sinking movements in Carson Valley. 

The West Fork, on the other hand, crossed the escarpment in West Carson Canyon and 
at that place has so greatly increased its grade that it now forms a succession of cascades and 
rapids. In front of this canyon, between the granitic escarpment and the main volcanic area, 
an immense mass of debris, partly angular and partly waterwom, has been lodged. This debris 
clearly represents the material excavated in the canyon since the late Tertiary dislocation. At 
first glance it is difficult to understand why a postandesitic depression of 2,000 feet should not 
have affected the volcanic area drained by the East Fork. The answer is that it undoubtedly 
did affect that area, but that the dislocation along the scarp passed into a gradual flexure in 
the andesites. 

Carson Valley, in the northern part of the quadrangle, is about 12 miles wide and forms a 
plain sloping gradually from an elevation of 5,000 feet at the foothills of the Pine Nut Mountains 
to about 4,700 feet at the foot of the escarpment. No remains of the deposits of the lake which 
in Quaternary time filled the lower part of the Carson drainage basin and which was designated 
by Russell Lake Lahontan are found in this part of the valley. At Dayton the level of the lake 
was determined by Russell to Ue at an elevation of 4,375 feet, and it is therefore unlikely that 
this lake ever extended to the Carson Valley, above the city of Carson. 

To the east of Carson Valley extends a wide area of gently westward sloping foothills, 
above which, at an elevation of 6,500 feet, project tlie more abrupt ridges of the Pine Nut 
Mountains. These foothills are covered by beds of volcanic tuff and fine gravel, which uni- 
formly dip about 5° W. They are apparently overlain by or change into normal andesite 
tuffs near the East Fork of Carson River, but they are later than the older (early Tertiary or 
Cretaceous) andesite of the Pine Nut Mountains. They are regarded as of later Tertiary age 
and their present position sliows that they were tilted westward probably by the same move- 
ment which now tends to sink Carson Valley. The whole trend of the evidence therefore 
tends to show a differential sinking of the area from the foot of the main escarpment to the 
Pine Nut Mountains and produces the impression of an even tilt of the sunken area toward 
the west. • 

The steepness and evenness of the main granitic fault scarp of Antelope Valley, in the 
extreme southeastern part of the quadrangle, suggest topographic youth, and this suggestion 
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is confirmed by the entire absence of dfibris fans and by the way in which West Walker River 
follows the base of the escarpment. There are at this place no volcanic rocks, but additional 
evidence of postandesitic displacement is found in the pecuUar relations in Slinkards Valley. 
This valley occupies a longitudinal depression parallel to the main scarp; whether this depres- 
sion 19 erosional or structural is left undecided. It is now filled by an even sheet of debris 
sloping northward after the manner of such accumulations at the bases of desert ranges. At 
the lower (north) end of the valley this sheet ceases abruptly, the valley contracts, and a can- 
yon begins which swings to the east and cuts across the main escarpment. The vertical disr 
tance of 500 feet between the lower end of the SUnkards Valley d6bris fan and the level of 
Antelope Valley is held to indicate the amount of postandesitic displacement along this scarp. 

MINERAL DEPOSITS. 

The mineral deposits of the Markleeville quadrangle comprise several types not usually 
found on the western slope of the Sierra Nevada. There are practically no Tertiary auriferous 
gravels underlying the andesite in the bedrock depressions, nor are there any Quaternary 
gravels of much importance. A little placer work was done in the Silver King district, in the 
southeast comer, and some Quaternary gravels have been washed on the western slope of 
the Pine Nut Mountains. The oldest deposits are probably those in the metamorphic area 
in the granitic region. Near Genoa the amphibolites contain some copper and gold. The 
metamorphosed sediments near Stevens Peak and Hope Valley contain, near the contact with 
the granodiorite and limestone, contact-metamorphic deposits carrying pyrrhotite, chalcopyrite, 
and bomite, the principal gangue mineral being garnet. These deposits contain principaUy 
gold, copper, and silver and have yielded a moderate production. 

In the Pine Nut Mountains are contained gold-bearing quartz veins, which, however, are 
narrow and irregular in extent and pay. The Red Canyon mines are entirely in the granite 
and have been worked to some extent. Others are found in the old andesites. Most of the gold 
is apparently contained in the sulphides and is set free by oxidation. The andesites also con- 
tain large zones of solfataric alteration in which deposits yielding principally silver have been 
found. 

The most important deposits economically are contained in the central mass of andesite 
southeast of Markleeville, near Monitor, and also somewhat farther south at Silver Mountain. 
Near Monitor an area comprising many square miles has been altered by thermal waters to 
propylitic rock in wliich abundant epidote and chlorite have developed. Tlie altered rocks 
comprise both breccias and massive andesite. In the central area, between Mount Bullion, 
Monitor, Mogul, and Leviathan, the rocks have suffered extreme alteration and now appear as 
white, yellow, and red outcrops consisting of jaspery and chalcedonic rocks as well as kaolin. 
In places these rocks are rich in sulphides, principally pyrite, but also argentite and various 
rich silver antimonides. Zinc blende, chalcopyrite, pyrargyrite, enargite, and galena also 
occur. No well-defined veins could be seen. The copper occurs principally near Mogul and 
Leviathan. 

In the Mogul and Monitor district the claims affording the principal production are said 
to have been, from south to north, the Colorado, North Colorado, Polaris, Stella, and Orion, 
the latter two near Mogul. The district has yielded principally silver, but also some gold. 

In tlie Silver Mountain district similar ores have been found, the valuable part of which 
is said to have consisted of pyrargyrite. The only deposit from which a considerable produc- 
tion has been derived is said to be the IXL-Exchequer, from which many years ago ore to the 
value of $100,000 is reported to have been taken. 

These districts were discovered many years ago, and from 1860 to 1880 were the scene of 
extensive mining operations. The total production has probably not exceeded $1,000,000. 
The ores proved difficult to treat and during the last 30 years tlie production has been almost 
negligible. From 1896 to 1908 the total output of Alpine County was only $42,430 in gold 
and $5,921 in silver. 



CHAPTER 18. THE CARSON QUADRANGLE. 

GENERAL GEOLOGY. 

The Carson quadrangle adjoins the Truckee quadrangle on the east and the Markleeville 
quadrangle! on the north. It lies entu^ely withm the State of Nevada, the State line forming 
the western limit. A part of Lake Tahoe occupies a narrow strip in the southwest comer, and 
alongside the lake, delimited by fault scarps and continuing toward the northern boundary 
line, not far from Reno, extends the most easterly block of the Sierra Nevada. Along the center 
of the quadrangle Ues a series of deep depressions at an elevation of about 5,000 feet, sinking to 
4,500 feet near the northern edge. These depressions, from south to north, are Carson Valley, 
Eagle Valley, Washoe Valley, and Truckee Meadows; they lie from 1,200 to 1,700 feet below 
the level of Lake Tahoe and separate the Sierra Nevada from the desert ranges of the Great 
Basin, the first of which occupies the whole eastern part of the quadrangle. In the southeast 
corner of the quadrangle lies the north end of the Pine Nut Mountains. About the middle of 
the quadrangle Carson River cuts its way through a lower part of that range in a steep canyon 
similarly to the Truckee Canyon farther north, and then continues eastward into the gradually 
widening basin of the Carson Sink. North of Carson River rise the Washoe Mountains and the 
Flowery Range, and in this part of the quadrangle the celebrated Comstock mines are situated. 
These desert ranges attain maximiun elevations between 7,000 and 8,000 feet and are com- 
posed mainly of volcanic rocks. Among these rocks andesites predominate; many of them are 
apparently of late Tertiary age, similar to those of the Sierra Nevada, but others are decidedly 
older and in places show a transition to holocrystaUine forms entirely unknown in the andesites 
of the Sierra Nevada. There are also smaller areas of granite and patches of older sediments 
which, from some fossils found near Dayton, are beheved to be of Triassic age.* 

The elevations along the Sierra are decidedly higher and reach 9,000 and 10,000 feet, or 
more, the culminating point being Mount Rose (10,800 feet), north of Lake Tahoe. 

The main part of the narrow buttress separating Lake Tahoe from the central valleys con- 
sists of a granodiorite which in places is dioritic. Embedded in this rock are two bodies of older 
sedimentary rocks, at Carson and at Genoa. In both areas they consist of slates with some 
nonfossihferous limestone and a considerable quantity of amphibolitic rocks, probably altered 
andesites or basalt; in many places the latter are rich in epidote. 

In the southern part of the quadrangle scattered areas of andesitic rocks cover the grano- 
diorite. In Little Valley the andesite is underlain by some rhyohte and auriferous gravels. 
At the north end flows of andesite, extending within a few miles of Reno, almost completely cover 
the underlying rocks. The thickness of these flows, which culminate in Mount Rose, probably 
amoimts to 3,000 or 4,000 feet. In contrast to conditions farther west, massive flows prevail. 
At several places the rocks have been altered by hydrothermal processes and their outcrops now 
assume white and yellow colors. The summits north of Mount Rose are veneered with thin 
flows of basalt of a late date of eruption. They were extruded near the summit, but their 
flows, which follow the present slopes, descended on the west to Truckee River in fiery cascades. 
A smaller basalt area covers the granite at Steamboat Springs, where a group of hills in the 
central valley form an outUer of the Washoe Mountains. 

Lake beds of late Tertiary age are exposed at Verdi, a Uttle north of the extreme northwest 
corner of the quadrangle, at the foot of the slope, where the andesites reach Truckee River. 
Some Tertiary lake beds are shown in the vicinity of Carson, especially at the State prison. 
The beds at this place are of small area and consist of coarse sandstone in which were found 

I Spurr. J. E., Descriptive geology of Nevada south of the fortieth parallel and adjacent portions of CaIiA>mia: Bull. U. S. Oeol. Survey No. 
20B, 1903. D. 123. 
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tracks of mammals and vertebrate remains consisting of fragments of tusks and molars of an 
elephant a^d fragments of bones of two species of horse.* These beds are held to be of late 
Tertiary age. The only large exposures of Tertiary lake beds are found in the western foot- 
hills of the Fine Nut Mountains and continue into the much larger area of similar beds described 
in the chapter on the Markleeville quadrangle. The beds dip west at angles of 5° to 10°. 

With these exceptions the Quaternary beds of the central valleys consist almost entirely 
of sands. According to Russell, Lake Lahontan reached only to an elevation of 4,375 feet (at 
Dayton), and there is no indication by terraces or otherwise that these central valleys were 
occupied by any branches of this lake. Still, it is probable that at some time during the Quater- 
nary they have been covered by shallow water. This is indeed clearly indicated by the present 
conditions in Washoe Valley, where part of the lake still remains. 

Glaciation probably did not reach the central valleys and was confined mainly to the higher 
portion of the Sierra Nevada. There are indications that on the western slope the ice streams 
extended down to the level of Lake Tahoe. 

STRUCTURAL FEATURES. 

The most remarkable structural feature in the Carson quadrangle is the high and narrow 
ridge which, bounded by dislocations on both sides, continues for about 20 miles from Genoa 
due northward to the latitude of Steamboat Springs. It lies between Lake Tahoe on the west 
(elevation, 6,225 feet) and the central valleys of the quadrangle on the east (elevation, about 
5,000 feet). At the southern boimdary its width is 6 miles and at the north end of Lake Tahoe 
it narrows to 4 miles. At Carson, on the east side, a projecting mass increases the width to 8 
or 9 miles. The maximum elevations are between 9,000 and 10,800 feet. 

The old surface, antedating the faults, is still visible at favorable places along the sununit 
of the ridge, as near Marlette Lake and in the vicinity of Genoa Peak. This is believed to rep- 
resent part of a Cretaceous topography of somewhat accentuated features. Patches of andesite 
flows rest on this uneven surface. Toward the north end extensive andesite flows almost 
entirely cover the range and show no faulting, while their contacts with the granite clearly 
indicate that the range, with its eastern slope, existed in preandesitic time — that is, prior to the 
close of the Tertiary. In all probability the differentiation of the Sierra Nevada from the 
Great Basin dates back to the late Cretaceous. 

The fault scarp which descends to the level of Lake Tahoe is abrupt, but not so evenly 
marked as that on the east side. South of Glenbrook the slopes are only moderately steep, 
but, on the other hand, near Marlette Lake the escarpment is extremely precipitous and about 
2,500 feet in height. Viewed from a steamer on the lake this fault scarp, contrasting with the 
more gently undulating old topography at the top, forms an object of exceptional interest and 
distinctness. It has been assumed that this whole western fault line is at least as old as early 
Tertiary or Cretaceous, and tliis opinion must be adhered to, although at some places its appear- 
ance is decidedly youthful. Near the north end of Lake Tahoe this escarpment appears to die 
out and is probably replaced by a parallel fault line just west of State Line Point. There is at 
this place nothing to indicate that the andesites have been faulted, and this, of course, confirms 
the conclusion that the scarp ,is of preandesitic age. Farther south, at Glenbrook, a smaller flow 
of andesite descends the slope to the lake level without evidence of faulting. 

The eastern fault scarp is long and markedly abrupt! Beginning at West Carson Canyon, 
in the Markleeville quadrangle, it extends with majestic front as a practically unbroken granitic 
wall up to the northern part of the Carson quadrangle, where the andesite flows begin to cover 
it. Toward Reno the volcanic hills, which veil the continuation of the scarp, sink to the level 
of Truckee River. 

The greatest declivities are at Genoa Peak and at Slide Mountain, where the amount of the 
descent to the east is 4,000 feet or more in 2 miles. There is at the foot of this slope a remark- 
able absence of debris fans as far north as Washoe, but from Washoe up to Reno, where andesites 

1 Le Conte, Joseph, On certain renuir]cable traoka found In the rooks of Carson quarry: Proc. Callfomla Acad. Sol., Aug. 27, 1882. 
88337**— No. 7.^^11 13 
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form the main part of the ridge, d6bris slopes extend for 2 to 4 miles into the valley. This would 
seem to indicate a comparatively recent subsidence along the scarp from Washoe southward 
and, as stated above in the description of the Markleeville quadrangle, this whole fault line, from 
West Carson Canyon to Washoe, a distance of about 40 miles, has suffered repeated dislocations. 

In detail there is probably much more than a single fault. At many places the granitic 
rocks are extremely crushed and in Little Valley John A. Reid * has shown the existence of several 
parallel north and south faults indicating a gradual settling down toward the east, en 6chelon. 
The question is how much of the dislocation was effected at the different epochs of movement. 
This is a difficult question to answer, as the region has not been examined in great detail. North 
of Mount Rose the movement on the fault is probably of preandesitic age. South of that land- 
mark postandesitic movement has certainly taken place. Concerning the total amount of post- 
andesitic dislocation along the main part of the scarp no conclusive proof can be obtained, but 
some inferences may be drawn from the occurrence of gravel underneath rhyoHte near the head 
of Little Valley, northwest of Carson. This is a longitudinal valley draining northward in the 
center of the main ridge and finally finding an outlet through a steep gulch in the escarpment at 
Franktown. The gravel is well washed and contains some gold, and, although faulting has some- 
what obscured its original character^ the inference is safe that it was not deposited while the 
topographic conditions were the same as they are to-day. It is difficult to agree with Reid in 
considering these gravels as representing a stream of some magnitude. It is more probable that 
they were of local origin, but they must have been deposited at or near base-level conditions. 
At present they are 2,000 feet above the valley at Franktown, and, while recognizing that more 
detailed study of this locality is necessary, the writer beUeves that the present vertical distance, 
about 2,000 feet, approximately represents the magnitude of the dislocation. The appearances 
suggest that this dislocation was caused by a sinking of the east side. 

About a mile north of Genoa small d6bris fans at the foot of the escarpment have been 
faulted in recent time. The more complete evidence from Walleys Hot Springs has been 
described in the chapter on the Markleeville quadrangle. No positive evidence of late Qua- 
ternary faulting has been obtained farther north. 

MIJiERAL. DEPOSITS. 

In regard to the mineral deposits of the quadrangle interest would, of course, center in the 
great Comstock mines of the Washoe Mountains, which, for many years, annually yielded gold 
and silver to the value of many million dollars and which still continue a production of notable 
extent. The purposes of the present paper limit the discussion to the Sierra Nevada and in this 
part of the quadrangle the mineral wealth is scant. Some deposits of copper and gold have 
been prospected in the amphibolites of Genoa. At the head of Little Valley, about 8 miles 
west-northwest of Carson, gold-bearing gravels underlie rhyoUte and rest on granite bedrock. 
The relations are here disturbed by faulting and the exact configuration of the gravels is diffi- 
cult to ascertain. Washing on a small scale was carried on a number of years ago and the total 
production is reported to be about $100,000.* With these exceptions the western ridge of the 

quadrangle contains no deposits of economic importance. 

^ — _^ — - — •■ . 

^ A Tertiary river channel near Carson City, Nevada: Min. and Scl. Press, vol. 96, 1906, pp. 522-525; the geomorphogeny of the Sierra Nevada 
northeast of Lake Tahoe: Bull. Dept. Geology Univ. California, vol. 6, No. 5, 1911, p. 158. 



CHAPTER 19. THE JACKSON AND BIG TREES QUADRANGLES. 

GEOLOGIC FEATURES. 

The Jackson and Big Trees quadrangles form a rectangular area 35 by 54 miles in extent, 
which contains a considerable part of the footliills and middle slopes of the Sierra in Amador, 
Calaveras, and Tuolumne counties. It is drained by Mokelumne, Calaveras, Stanislaus, and 
Tuolumne rivers, the two first named debouching into the lowest foothill region near the 
western boundary, which is occupied by tuffs, gravels, and sandstones of the lone and later 
formations. The first complex of older rocks adjoining the Sacramento Valley may be called 
the Mother Lode belt. It is 10 to 12 miles wide and consists of intricately intermingled strips 
of the Mariposa formation (Jurassic), Calaveras formation (Carboniferous), post^urassic 
greenstones, and serpentines. The Mother Lode belt is adjoined on the east by the main mass 
of the Calaveras formation, which is about 15 miles wide and contains several smaller bosses 
of intrusive diorite or granodiorite. In the western part of the Big Trees quadrangle lies 
the contact line between the Calaveras formation and the main area of the intrusive grano- 
diorite of the Sierra Nevada, which extends for about 35 miles toward the east up to the crest 
of the mountain range. The contact line is irregular, with deep embayments and projecting 
points. 

That part of the great crust block wliich is represented by these two quadrangles has 
apparently suffered no important Tertiary or post-Tertiary faulting or deformation, except 
the general westward tilt .characteristic of the whole Sierra. This conclusion is decidedly 
corroborated by the general fact that the Tertiary channels have not been deformed or f aulted. 
There are some minor exceptions to this statement, especially in the vicinity of Mokelunme 
Hill. 

GOLD-BEARING AREAS AND PRODUCTION. 

The auriferous slates and associated rocks contain gold-quartz veins throughout. The 
main granitic area occupying the largest part of the Big Trees quadrangle is on the whole barren 
of gold deposits. As in the Pyramid Peak quadrangle, the streams, ancient or modem, become 
auriferous on passing the main granite contact. But the distribution of the primary gold 
deposits is far from being uniform. The slate and greenstone belts of the lowest foothills 
contain few deposits of value. The more easterly part of the belt of Mariposa formation and 
greenstones from Carson Hill and Angels on the south to Plymouth on the north is followed 
by the highly productive veins of the Mother Lode. The broad belt of the Calaveras formation 
has been much less productive, although it contains a number of important mines, for instance 
at Sheep Ranch and Murphy. Many of the small areas of diorite or granodiorite contained 
in the Calaveras formation or the deepest embayments from the main granite mass prove to 
be important centers of mineralization. This is shown, for example, near West Point, Moke- 
lumne Hill, the Sheep Ranch mine, and Vallecito. For details the reader is referred to the 
Jackson and Big Trees folios.^ 

The richness of the auriferous gravels reflects these conditions more or less clearly. On 
the whole, the Tertiary gravels are, however, distinctly less rich than in the more northerly 
quadrangles. This is due partly to the distribution of the old drainage channels, but also no 
doubt to a shorter period of accumulation. The bulk of the gravels are interrhyoUtic, and 
the rich prevolcanic detrital masses of tlie Colfax, Smartsville, and Downieville quadrangles 

1 Nos. 11 and 51, Qeol. Atlas U. 3. 
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are but sparingly represented in this area. Although the Quaternary gulch and stream gravels 
below the Mother Lode were rich, it so happens that no important Tertiary streams crossed 
the most productive parts of the Mother Lode. The most prominent gravel areas are located 
at Mokelumne Hill, Valley Springs, San Andreas, Altaville, Vallecito, Douglas Flat, Columbia 
Hill, and from Railroad Flat to the Sheep Ranch mine. Of these the gravels at Mokelumne 
Hill were doubtless the richest. 

The production of placer gold has steadily dwindled until lately, when dredging operations 
were begun. With careful management many gravel channels as yet untouched would probably 
give good returns. There is some hydraulic ground, but the late operations have been confined 
to drifting. In 1905 Calaveras County produced $302,000 in placer gold. About $203,000 
of this sum was derived from dredging operations in modem streams. One of these dredges 
is located near Camanche, on the lower Mokelumne, and the other at Jenny Lind, on the lower 
Calaveras. Mokelumne Hill produced $16,000, chiefly from drifting; San Andreas $55,000, 
from one hydraulic and one drift mine ; and Douglas Flat and vicinity a few thousand dollars. 
The county contained 2 dredges, 3 hydraulic mines, 9 drift mines, and 10 surface mines, not 
counting the small operations of the Chinese. 

Amador County in 1905 produced only $49,000 in placer gold; most of this came from 
Chinese operations. 

The production of the placer mines of Tuolumne County in 1905 was only $13,394. 

In 1909 the production of placer gold from Amador County in the Jackson quadrangle was 
$41,800, derived from a great number of small drift and sluice mines at Oleta, Volcano, and 
Lancha Plana. In the part of Calaveras County contained in the same quadrangle the yield 
was $257,000, distributed about as follows: 

Placer gold prottuced in part of Calaveras County within Jackson quadrangle^ 1909. 

Dredging near Jenny Lind and Wallace $212, 000 

Valley Springs 1,200 

San Andreas, Fourth Crossing, etc 10, 000 

Mokelumne Hill (mainly drift mines) 11, 600 

Railroad Flat 9, 600 

Small and scattered 12,600 

257,000 

The Big Trees quadrangle has a comparatively small placer production, approximately 
$8,800 in 1909, distributed as follows: 

Placer gold produced in Big Trees quadrangle^ 1909. 

Calaveras County: 

Douglas Flat and Vallecito $2, 300 

Sheep Ranch and Murphy 1, 900 

Tuolumne County: Columbia Basin 4, 600 

8,800 ' 
OUTLINE OF TERTIARY HISTORY. 

The Tertiary record of deposition of this district has been established most carefully by 
H. W. Turner.* The earliest deposits are prerhyoUtic river gravels, but there are only small 
amounts of such material in the old river channels. During this epoch, which probably cor- 
responds to the earliest Tertiary, the boundary between the ^'Bedrock series'' and the super- 
jacent formations was probably situated many miles farther west than now. 

Then followed in middle Tertiary (Miocene) time the transgression of the lone formation 
up to present elevations of about 1,000 feet, indicating a considerable submei^ence under- 
neath the brackish waters of the gulf which then occupied the great valley. This formation 
attains its maximum development in the Jackson quadrangle. The lower portion of the series, 

1 Jackson folio (No. 11), Qeol. Atlas U. S., U. S. Geol. Survey, 1804. 
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composed largely of white clay, is well exposed around lone, whence the formation takes its 
name. Farther south the white clays are overlain by sandstone, above which is a fine-grained 
clay rock. The lower white clay is in places quite free from grit and is used in making pottery. 
Other portions are sandy. The formation contains iron-ore and coal seams. The sandstone 
is used for building purposes. It is usually white, but at one quarry a brick-red variety colored 
by finely disseminated hematite is obtained. At other localities it is rusty and contains pebbles 
of white quartz, passing into a conglomerate. A hydrous silicate of alumina occurs abundantly 
in the sandstone in the form of cream-colored pearly scales. 

The clay rock occurring above the sandstone is light gray, but usuaUy more or less 
discolored. 

The thickness of the lone formation is known partly by natural exposures, partly by 
boring. In Jones Butte the strata, protected from erosion by a lava cap, are 200 feet thick 
above coal mine No. 3. A boring at the mine is said to have penetrated sandy clay to a depth 
of 800 feet below the coal seam, which is 60 to 70 feet below the surface. Thus the lone beds 
appear to be more than 1,000 feet thick at this point. 

To the east of Buena Vista Peak the formation has a visible thickness of 600 feet. The 
table-land south and southwest of Buena Vista is composed chiefly of the lone formation, 
overlain by rhyolitic and andesitic tuflf and Neocene shore gravels. The lower clay occm^ at 
the east base of the table-land, and a patch of lone sandstone caps Waters Peak, a little farther 
east, which has an elevation of about 900 feet. 

In the northern quadrangles the lone formation is contemporaneous with prevolcanic 
bench gravels along the Tertiary rivers of the Sierra Nevada. In this region it is evident that 
an epoch of moderate erosion followed the deposition of the lone, and that most of the gravels 
contemporary with the lone were swept out of the Tertiary river. 

The rhyolitic epoch followed, and this was preeminently one of accumulation of gravels. 
The broad valleys became filled by a series of gravels containing rhyolitic pebbles and by inter- 
bedded masses of rhyolite tuff, the thickness of this detrital series reaching ip. places 400 feet. 
This great depth was observed by Turner near Mountain Ranch. A more compact flow of 
rhyolite or rhyolite tuflf capped these gravels, and its remnants indicate to-day the deeper part 
of the Tertiary valleys. At the mouths of the rivers thick nonauriferous shore gravels (or 
delta gravels) spread out at a present level of about 500 feet, and these gravels rest on the 
gently eroded smrface of the lone formation. (See PI. XI, B, p. 72.) 

About this time the tilting of the Sierra and the eruptions of andesite began. A short 
epoch of erosion intervened before the time of the most intense eruptive action, and during 
this interval the rhyolitic gravels were trenched in places and temporary interandesitic channels 
were established, few of them, however, continuing long enough to excavate below the bed- 
rock of the earlier channels. Then followed the great flows of andesitic tuflf, which covered a 
large portion of the Jackson and Big Trees quadrangles and obliterated the Tertiary channels. 
Thick masses of vplcanic tuflf and sands were spread over the lone formation. 

The relations of the lone formation, the Tertiary and Quaternary shore gravels, and the 
andesite tuflf are especially well shown near the Comanche bridge, on the north side of Mokelujnne 
River. 

TERTIARY TOPOGRAPHY. 

DRAINAGE. 

The Tertiary topography of the Jackson and Big Trees quadrangles can be studied in 
considerable detail, owing to the many areas of gravels and volcanic rock which the erosion has 
left intact. The study confirms the conclusions reached in the more northerly quadrangles, 
and shows that the range existed in Tertiary time; it was much lower, and exhibited some 
striking characteristics of an older eroded surface, but as a structural unit it was essentially 
similar to the Sierra of to-day. 

Near the northern boundary a small stream flowing westward contained part of the present 
Cosiunnes and Mokelume drainage. It rose near Mokelumne Peak, in the southern part ,of the 



198 TERTIARY GRAVELS OF THE SIERRA NEVADA OF CALIFORNIA. 

Pyramid Peak quadrangle, and continued into the northern part of the Jackson quadrangle, 
receiving two important tributaries from the north, which may be called the Fort Grizzly and 
the Grizzly Flat branches. It continued its course by way of Oleta, Volcano, and Plymouth, 
emptying into the gulf at some point due west of Plymouth, but its lowest reaches have been 
destroyed by erosion. Tliis may be called the Tertiary Mokelumne River. 

Near Valley Springs a stream of great importance debouched into the valley; it embraced 
parts of the present drainage areas of Mokelumne, Calaveras, Stanislaus, and Tuolumne rivers, 
and may be designated the Tertiary Calaveras River. It possessed in striking degree the 
alternating longitudinal and transverse stretches characteristic of the Sierran Tertiary rivers; 
its headwaters were located in the Dardanelles quadrangle, of which the geologic survey is not 
yet completed. The main branches crossed the Tuolumne near the Bradford mill, in the 
eastern part of the Big Trees quadrangle, and the Stanislaus near Mount Ejiight, in the same 
vicinity. The two branches united near Deer Creek and continued westward to Douglas Flat, 
Vallecito, and Altaville, but bent to the northwest at Altaville and continued in this direction 
for 12 miles to Central HiU, northwest of San Andreas. Here the direction changed to south- 
west and the stream emptied into tlie gulf at some place west of Valley Springs. An important 
tributary called the Fort Mountain channel came down with a north-south course along the 
western margin of the Big Trees quadrangle and the tributary to the west joined the main 
river near San Andreas. A second tributary joined the main river near Central HiU from the 
vicinity of Mokelumne Hill. The main Mokelumne branch was again joined by the short Con- 
centrator channel, the direction of which was from north-northwest to south-southeast from 
Jackson to Mokelumne Hill. 



As farther north in the range, the footliills, or the Mother Lode belt, were characterized by 
strongly marked longitudinal ridges. In the northwestern part of the Jackson quadrangle 
this feature is less emphasized tlian usual and the surface had in part been worn down to a 
gently undulating peneplain, but at the valley border the ** Bedrock series" dipped steeply 
below the superjacent formations of the Tertiary gulf, as shown at Waters Peak, near Buena 
Vista, and at other places. South of VaUey Springs, however, the longitudinal structure asserted 
itself "strongly, and the Gopher Ridge, Bear Moimtain, and Mount Joaquin were almost as promi- 
nent in Tertiary time as now. Mount Joaquin towers 1,800 feet above the Central Hill chan- 
nel at San Andreas, and the Gopher Ridge rises abruptly 1,200 feet from the lone formation 
wliich encircles its base. 

East of the Concentrator and Central HiQ channels the slate hills of the Calaveras formation 
rose gradually 1,000 to 1,5Q0 feet in about 5 miles, to a sort of plateau in which the Fort Moim- 
tain channel had excavated a broad, shallow valley. South of Jackson there is an excellent 
cross section of the valley of the Concentrator channel; it is 3^ miles wide and 400 or 500 feet 
deep. East of the Fort Moimtain channel the slate ridges of the Blue Moimtains attained a 
height of over 6,000 feet — that is, a rise of 2,800 feet in 6 miles, allowing for the westward tilting. 
Farther south, east of Columbia and Douglas Flat, the bedrock hills resisted erosion in a similar 
manner and tlie main part of the Tertiary Calaveras River broke through them in a broad valley 
almost 1,500 feet in depth. 

Farther east we enter the main granite area of the Sierra. While there are no auriferous 
gravels here, the lava-capped ridges give an excellent indication of the character of the surface. 
There are many inequalities and broad depressions as much as 1,000 feet in depth, but tins 
large area was practically a high plateau which now shows a westward slope of 50 to 100 feet 
per mile. 

GRADES. 

The grade of the Tertiary Mokelujnne River from the northeast comer of the Jackson 
quadrangle westward to Plymouth averages 100 feet to the mile; it is a little more near the upper 
corner and a little less near Plymouth. The grade of the ancient Calaveras River is shown in the 
foUowipg table: 
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Grade of the Tertiary Calaveras River. 



Place. 



Bradford mill.... 

Rose Creek 

Philadelphia mill 

Ehomlne 

Angels Camp 

San Andreas 

Central HiU 



Elevation 
(approxi- 
mate) 



Feet. 
5,000 
3,200 
2,700 
2,160 
1,450 
1,000 
090 



Distance. 



Milet. 



} 



10 
4 

8 
8 

16 



Grade. 



Feet per mile. 



180 

122 

68 

89 

28 



Dixeotloa 



West. 

Do. 

Da 
Southwest 

Northwest. 



The grade of the south-southeastward-trending Concentrator channel from Jackson to 
Mokelunine Hill is very slight. On the other hand, the Mokelumne Hill channels, which trend 
south-southwest, have grades of at least 100 feet to the mile. The Fort Mountain channel, 
which flowed southward for about 12 miles, has an average grade of 70 feet or less to the mile. 

The testimony afforded by the present grades of the main Calaveras River speaks strongly 
for an even westward tilt of the Sierra of about 70 feet to the mile. 

DETAILED DESCRIPTIONS. 

The first detailed description of the channel systems of Calaveras County was written by 
W. H. Storms.* In part this is based on the work of C. M. Burleson, surveyor at Mokelumne 
Hill, who also furnished Messrs. Boutwell and Lindgren with much information in 1901. A 
large part of the following description of Douglas Flat, Vallecito, and Mokelunme Hill is 
compiled from notes of J. M. Boutwell, who assisted the writer in the summer of 1901. 

VOLCANO AND OLETA. 

Little detailed information is available as to the gravel deposits of the Tertiary Mokelunme 
River in the northern part of the Jackson quadrangle and along the southern margin of the 
PlacerviUe quadrangle. Tlie location of the remaining parts of the channel and the gravel 
areas is given in the folios already cited. The main channel from Fort Grizzly (in the Pyramid 
Peak quadrangle) continues, lava capped, for several miles southwestw^ard down to the heads 
of Sutter Creek and Ashland Creek, where some hydrauUc work has been done. It tlien con- 
tinues, after an eroded gap of 4 miles, underneath the lava for 4 miles from Volcano to the 
head of Rancheria Creek, where it is underneath a capping of rhyoUte tuff. These channels 
probably contain, in part at least, paying quantities of gold. A number of smaller gravel 
patches have been worked by hydrauUcking and drifting near Oleta and between Oleta and 
Rancheria Creek. 

The most productive locality is near Volcano. The bedrock here is limestone, and rich 
gravels were found in the deep potholes both in the Tertiary channel and in the later gulches. 
The placer production of Amador County, which roughly speaking is derived from this Tertiary 
drainage basin, was nearly $50,000 in 1905, of which $40,000 is believed to have been extracted 
by Chinese miners from various districts; $3,000 came from the mines at Volcano, $1,000 from 
the vicinity of Oleta, and $2,500 from the vicinity of Plymouth. 

THE MAIN CHANNEL. 
DOUGLAS FLAT, VALLECrTO, AND ALTAVILLE. 

The general upper course of the Tertiary Calaveras River is outlined in a previous para- 
graph. East of Douglas Flat very little remains of its gravels, the first 10 miles being ahnost 
wholly eroded by the forks of Stanislaus River; the course farther east is hidden under andesitic 
tuffs. This upper course underneath the andesite in the main granite area is clearly indicated 
by the course of the contacts of lava and granite, but it is not Ukely to contain paying gravel 
deposits. 



1 Twcirth Rept. California State Mineralogist, 1894, pp. 482-482. 
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At the shaxp bend near Douglas Flat and Vallecito (see PL XXVI), very heavy inter- 
rhyolitic gravels have accumulated in an old valley some 8 miles long and up to 2 miles wide, 
lying between Tertiary bedrock ridges rising about 1,000 feet above the deepest trough. The 
prerhyoUtic gravels are thin or absent, but the interrhyolitic series attains a thickness of 200 
feet. Turner says in the Jackson folio that the gravels 2 miles northeast of Angels are very 
similar to the Neocene shore gravels about Valley Springs and that they are interbedded with 
rhyoUte tuff and contain pebbles of rhyoUte. They are normally overlain by an irr^ularly 
eroded sheet of rhyolite tuff which east of Vallecito is 200 feet thick. In places the inter- 
rhyoUtic gravels gradually change into andesitic gravels which form a part of the cap of ande- 
sitic detrital material. The andesitic tuffs and gravels aggregate 700 feet in thickness^ but 
are of course irregularly eroded. 

Few parts of the channel are accessible by tunnels. Shafts about 100 feet in depth are 
necessary. There is much water, and this, coupled with the fact that the gravels are not extra- 
ordinarily rich, has greatly delayed the exploitation of the channel. About 11 miles of main 
channel is comprised underneath these gravel areas and only a small portion of this distance 
has been drifted. It is not unlikely that this ground could be made to pay by operations on 
a large scale with adequate pumpmg machinery. 

The canyon of the Stanislaus has cut a great gash across the main channel 2 miles east of 
Douglas Flat and removed a large part of its eastern rim. 

The main channel is beheved to enter the hill at the Eho mine, on the west side of the 
Stanislaus Canyon, 1,000 feet above its bottom, about 3^ miles east of Douglas Flat. Near 
this place it was joined by a tributary, coming down in a southerly or southeasterly direction 
from the vicinity of Murphy. The main stream course should thence continue south-southwest 
for 3 miles to a point near Vallecito, where its bottom is probably exposed for a short distance 
at an elevation of about 1,800 feet. This part* could no doubt be reached by tunnel from the 
canyon slope or by a shallow shaft from the Vallecito side. Much hydraulic work has been 
done near Vallecito on the upper gravels, but the bottom has been reached only in few places 
by shafts. 

The Vallecito Consolidated Mines control a considerable area between Douglas Flat and 
Vallecito and it was proposed in 1902 to open the ground by a 7,000-foot tunnel. At a point 
nearly east of Vallecito the channel has been proved through the Wild Goose shafts. The 
course of the main old channel is clearly demonstrated east and northeast of Vallecito in the 
Mitchell and Manitou shafts. It follows a westerly course with high rims to the northwest and 
southeast. 

From Vallecito the channel is practically continuous for 4 miles westward, and after a short 
gap, where cut by Angels Creek, it continues again under the lava for 4 miles in a northwest 
direction to the Jupiter mine. 

The Eho mine is situated about 3^ miles east of Douglas Flat at an elevation of 2,137 feet, 
overlooking the junction of Stanislaus River and Rose Creek. Several stretches of tiie oldest 
channel have been located for an extent of nearly a mile to a point where it is cut off on the 
southwest. About a mile west of the Eho mine, at an elevation of 2,700 feet, a shaft is said 
to have been sunk 500 feet — possibly 800 feet — without striking bedrock. It is thought that 
the gravels at the Eho mine represent the main inlet of the old river and that from this point 
the deepest trough continues underneath the ridge in a south-southwest direction to Vallecito. 
In this distance the channel has not been exposed. A section about 550 feet in thickness, 
exposed in the slope between these two points, shows just above the bed of the main channel 
a bedrock rim bearing rhyolitic tuff overlain by gravel containing rhyoUte, followed by gravel 
carrying pebbles of a rock that may be andesite, which is in turn succeeded by 175 feet of 
rhyolitic tuff, 100 feet of latite, a thin bed of gravel, and finally latite and andesitic conglom- 
erate. In the rear of the Adams ranch a somewhat similar section is shown. Rhyolitic gravel 
on bedrock at an elevation of 2,025 feet is overlain by rhyolitic tuff, washed gravels, andesitic 
conglomerate, and a regular andesitic series. 
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CATARACT CHANNEL. 

In the description of the Table Mountain channel in Tuolumne County (pp. 214-217) mention 
is made of the long but narrow flow of latite lava which, during an interval in the andesitic erup- 
tions, descended from the direction of the Dardanelles and crossed the Big Trees quadrangle 
diagonally from northeast to southwest, entering it at Clover Meadow, crossing the North Fork 
of the Stanislaus near the Calaveras Sequoia grove, then f oUowing the west brink of the Stan- 
islaus Canyon all along and east of Douglas Flat and Vallecito, finally being continued in 
Tuolunme County by Table Mountain. This flow is easily traceable along its course by the 
areas of black basaltic latite. It did not follow any of tlie old channels, but cut a new course 
about parallel to the present Stanislaus River. Deposits of gravel have been opened in several 
places below the latite, especially at Balaklava Hill, 1^ miles south-southeast of Vallecito; 
this latite channel is known as the ''Cataract." Some hydraulic work has been done at the 
place mentioned and drifting was in progress in 1896. This channel is also found farther north- 
east on the' point overlooking the junction of Stanislaus River and Rose Creek. In general it 
is less productive than the older channel and has not been eroded to so great a depth. It has 
not been continuously worked, except farther south in Tuolumne Coimty. Some of the top 
flows of andesitic tuff are more recent than the latite. 

MURPHY OR CENTRAL HILL CHANNEL. 

The broad basin of Vallecito received some short tributary streams. One of them came 
from the vicinity of Murphy, 2 miles north-northwest of Douglas Flat, where numerous quartz 
veins have been exploited. These veins have evidently enriched the Tertiary stream bed. 
(See PI. XXVI.) 

The Central Hill mine,^ half a mile south of Murphy, shows a deep, narrow channel carrying 
coarse, subangular gravel, capped by volcanic beds. The gravel was rich and is reported to 
have produced several hundred thousand dollars. In early days it was worked by the hydraulic 
process at the north end, where the elevation of the bedrock is 2,185 feet. A drain tunnel, 
3,300 feet in length, was run in 1894 from Douglas Flat and in that year the gravel was worked 
by the hydraulic process through tiiis outlet. Thio work showed that the main channel and 
its capping were cut off by a transverse channel filled with rhyolite and that this intersecting 
body was again cut by a small watercourse. In 1901 the property was idle. According to 
Storms the grade of this channel is 300 feet to the mile southward; this indicates that it is rather 
a tributary than a main trunk. 

The Uptograph (Buckminster) mine just west of Douglas Flat has been worked both as a 
hydrauhc and a drift mine. An interesting feature is the presence of an upper gold-bearing 
gravel bed in which the gold has been concentrated on the surface of a rhyolite tuff. About 
100 feet of rhyolite tuff caps the upper lead, which is separated from the bottom channel by 16 
feet of similar tuff. The maximum width of the upper bed is 1,000 feet. The deep channel 
varies in width from 20 to 100 or even 200 feet, and the gravels filling this channel range up to 
100 feet in depth. It should be added that many channels of varying age will be found in a 
wide basin like the one near Vallecito. The present description apphes only to the more impor- 
tant old stream beds. 

From the Uptograph the channel was followed eastward, under the road and the creek, 
where a hole in limestone was encountered carrying rich gravel; thence eastward for a short 
distance up the ridge, where an irregular pothole was found; thence southward to the Wild 
Goose shafts. Under the creek near Douglas Flat the bedrock lay at a depth of only 15 feet, 
but beneath the ridge it is 50 feet, as shown by the shafts. Then it fell off sharply 50 feet, and 
downstream at the Wild Goose shafts bedrock was at a depth* of 210 and 205 feet. The gravel 
was rich and thick and overlain by rhyoUtic tuff. 

I Not to be confused with Central Hill, which is northwest of San Andreas and from which the main channel is named. 
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THE MAIN CHANNEL IN THE VICINITY OF VALLECITO. 

About a mile northeast of Vallecito the Manitou shaft, descending through rhyoUte at the 
surface at an angle of 75^, struck, at a depth of 167 feet, bedrock pitching south. The gravel 
opened is made up of well-rounded pebbles, porphyry, and bedrock, neither rhyoUte nor andesite 
being found; like that of the Murphy channel it was cleanly washed and well laid. 

Above and 500 feet north of the Manitou shaft a narrow channel 30 to 40 feet wide, carrying 
quartz sand and gravel capped by rhyoUte, has been explored through a series of shafts 40 to 
70 feet in depth and appears to be a branch of the Manitou and to join it immediately to the 
west. At a point about due north of Vallecito in the Ward diggings the channels are reported 
to have yielded high values in coarse gold. About half a mile east, due north of Vallecito, is a 
shaft reported to have been sunk by Itahans half a century ago to a depth of 146 feet without 
reaching bedrock. Immediately east of the shaft, and east of the Vallecito Road the main 
channel is entered by the Mitchell shaft 110 feet in depth (bedrock elevation, 1,676 feet). The 
shallow channel has been followed from Vallecito to this point. 

EAST OF VALLECITO TOWARD ABBOTT FERRY. 

East from the Mitchell shaft along the ridge road to the main divide above Tuolumne 
Branch basin is an extensive area of mixed prevolcanic gravels capped by rhyoUte, andesite, 
and latite, which have been opened at many points. In general the gravels, though weU rounded 
and probably contemporaneous with those of the main Central HiU channel, differ from them 
in showing less porphyry. Exposures in this region exhibit several features of special interest 
and probably mark the southeastern rim deposits of the main Tertiary river. 

Along the ridge road several old workings show fine, subangular gravel or porphyry, quartz, 
and slate, apparently resting on a broad rim rather than in any definite channel, and capped by 
rhyoUte and latite. Just below the saddle on the east side a narrow channel affords interesting 
evidence as to the succession and local disturbance. A section shows Umestone bedrock covered 
by finely laminated sand and shale inclosing angular pebbles. The sand is covered by three 
beds of gravel interstratified with three beds of rhyolitic sand and two of rhyolitic tuff, the 
whole capped by andesite tuff and latite. The shingling of the gravels indicates indisputably 
that the stream in which they were deposited flowed westward. The elevation of the Umestone 
at the outlet is 2,000 feet. The dip of the several beds of the section is now 40° E. to 90°: the 
cause of this disturbance was not ascertained. 

THE MAIN CHANNEL WEST OF VALLECITO. 

From VaUecito the gravels extend for 4 miles, first west-northwest, then southwest, under 
the volcanic flows to a point northwest of Angels Camp, where they are exposed in Angels Creek. 
They are covered by rhyoUte and andesite. Within this distance large portions of the channel 
remain unworked. 

FROM ALTAVILLE TO DOGTOWN. 

In the section from AltaviUe to Dogtown the main channel is marked by an extensive 
deposit of weU-rounded gravel composed of porphyries, quartzite, gneisses, and granite, capped 
over a considerable part of the area by rhyoUte and andesite. These rocks extend from a 
point less than a mile north of Angels Camp continuously for 4 miles. The channel has been 
worked in a few locaUties and found to be comparatively narrow and with gentle grade, aver- 
aging less than 50 feet to the mile, and to carry good values. A considerable extent remains 
unprospected. 

East of the Bald HiU property near AltaviUe the rhyoUte gives way on the surface to an 
extensive area of andesite which extends north for 3 miles, nearly to the limits of these gravels 
at Dogtown, and probably marks the postrhyoUtic channel cut into the white tuff and filled by 
an andesitic flow. North of the Bald Hill shafts the gravels have been worked on the east side 
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of the ridge in the Jackrabbit ground and at the north end of the area in the Jupiter property. 
A section on the east rim of tlie Jackrabbit property shows bedrock, andesitic tuff, sandy breccia, 
rhyoUtic and andesitic tuff containing pebbles of each rock, andesitic tuff, and andesitic pebbles 
to the total thickness of 20 feet. The gravels have been opened here by a shaft 191 feet in 
depth with a 100-foot drift in gravel to the south from its bottom and a lower tunnel running 
1,200 feet in bedrock. The gravel has been prospected a distance of 300 feet along the course 
of the channel and breasted for a distance of 75 feet to a width of 35 feet and height of 7 feet; 
the gravel extracted is said to have contained from $2 to $10 a cubic yard. 

The Monarch pit shows that the rim is overlain by 25 feet of prevolcanic gravel, covered by 
volcanic material. At this point the channel has been explored through a 500-foot tunnel; 
some of the gravel is stated to have averaged $5 a ton. 

At the north end of this main strip, due south of Dogtown, the gravels in the main Central 
Hill channel have been worked on a considerable scale on the Jupiter property. The channel 
here was originally prospected by a tunnel on bedrock extending upstream about 1,500 feet. 
Subsequently the lower 600 feet was hydraulicked, leaving the tunnel extending beyond under 
the gravel 700 to 900 feet. It was found that the channel at this point is steep-sided and narrow, 
averaging 125 feet in width and in one place reaching a width of 200 feet. 

The gravels of the channels from Vallecito to the Jupiter mine are evidently not very rich 
and will probably not pay for drifting throughout. 

JUPITER MINE TO SAN ANDREAS. 

From the Jupiter mine to Central Hill the course of the channel is northwest by way of San 
Andreas. Its course is largely eroded but is distinctly indicated by the old valley, as the new 
streams have cut but slightly below the old bottom. Few small gravel patches still remain; 
near San Andreas some of these are covered by andesite or rhyolite; most of them have been 
hydraulicked or drifted. Between the Jupiter mine and Lower Calaveritas no definite channel 
'with characteristic filling was found. Well-rounded bowlders occur scattered over the bedrock 
at four or five points at elevations accordant with the channel system. Nowhere, however, 
vras any distinct channel in bedrock found. In the area about 2| miles southeast of Calaveritas 
is a pothole 100 feet in diameter at the top, 20 feet at the bottom, and 20 to 25 feet deep, which 
was filled with washed gravel carrying high values in gold. 

Northwestward from Lower Calaveritas to San Andreas the records of the old drainage 
system are more definite. They indicate that this had been the main drainage course in pre- 
volcanic time and that it continued so in the postrhyoUtic and preandesitic epoch. The main 
channel, which here is regarded as the united main or Central Hill and Fort Mountain channels 
(see p. 209), has been well proved throughout its extent. The basal thin gravel carried good 
values at several points and is normally overlain by rhyoUtic tuff. A postrhyoUtic but appar- 
ently preandesitic channel cut down 30 feet below this, and at several points are remains of a 
shallow, high-lying volcanic channel. Most of the gold is found in the Central HiU channel and a 
considerable area of this northwest of Willow Creek remained unworked in 1901. The several 
workings will be described from southeast to northwest. 

Immediately northwest of Lower Calaveritas the Gosinelli hydrauUc workings have exposed 
the rim of a channel about 150 to 200 feet wide, trending northwest, in which 15 to 20 feet of 
rhyolite on the rim lies upon bedrock and is overlain by 10 feet of gravel made up of quartz, 
quartzite, gneiss, granite, and porphyry, 12 feet of sand, and 25 feet of coarse gravel. Half a 
mile northwest and 55 feet lower are the Johnson workings; at this place the bedrock channel, 
about 100 feet in width, trends northwest. The succession overlying the schist bedrock at this 
point is 5 to 8 feet of gravel, consisting of quartz and metamorphic rocks, 15 to 20 feet of rhyolite, 
25 feet of quartz sand, and gravel, and 15 feet of mixed washed gravels. At the Hedrick prop- 
erty, one-fourth mile farther northwest, a pit 200 feet in length has been hydrauUcked. Pre- 
rhyoUtic gravel is exposed, cut by a later channel, marked by rhyoUtic tuff and interbedded 
rhyolites and gravels, and the combined deposits of these two channels are blanketed over with 
fine oxidized gravel. The rhyolite carries fossilized leaf remains, and pay was found in both 
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the lower and the upper gravels. The channel was found by hydraulic work and drifting to 
be shallow and flaring, 400 feet wide, with a portion 8 feet deeper 100 feet wide. As its bed is 
fully 175 feet above the bedrock in the main channel at the Marshall workings, it seems probable 
that this is a higher-lying broad, shallow bench to be correlated with a similar member north- 
east of the Angels road and immediately to the north near the race track, and again on Cemetery 
Hill at San Andreas. 

On the Marshall property, about half a mile south-southeast of San Andreas, the greatest 
amount of exploration has been done, thus offering the fullest information regarding this channel 
system. Five shafts, 108, 100, 105, 127 (with 800-foot drift), and 90 feet m depth, have been 
sunk in the main channel and two long crosscut tunnels driven eastward into the channels. 
These together prove the channel for a distance of about 1,500 feet. The main channel is here 
50 to 70 feet wide; there is a narrow bench on the northeast 10 feet above it and one on the 
west somewhat lower and of gentler grade, with rapids and potholes here and there. The 
succession cut by shaft Np. 1 at the north end of the property, which is believed to be generally 
characteristic of this portion of the channel, is as follows: 

Section in Marshall shaft No. 1. 

Feet. 

Gravel 42-43 

Rhyolite 4- 6 

Pay gravel 6 

-Slate bedrock. 

The pay gravel is made up of pebbles of bedrock including gravel, schist, and porphyry. 

At the south end of the workings the deepest shaft (127 feet), with an 800-foot drift to the 
southeast, demonstrates that at this point a narrow channel trending northwest and southeast 
cut transversely through the main Marshall channel to a level 36 feet deeper. The gravel is 
composed of unwashed cobbles and is thus entirely unlike that of the main Marshall channel and 
so far as opened it did not carry pay values. The relative age of this channel can not be stated 
with certainty, as it was not accessible at time of visit and the facts reported are not conclusive. 
As no pebbles of volcanic rocks were reported from this gravel, and the operator believes that the 
bed of fine gravel with its fine gold content, which lay upon the bottom of the main channel on 
both sides (rims) of this deeper channel, passes continuously across over it, it would appear that 
the deep channel is older. On the other hand, it is stated that while rhyolite overlay this bed on 
both rims, it did not continue across and this suggests that it may have been cut out by the 
deeper, later channel. 

Fossil records of interest were uncovered in the course of the exploration of this property. 
It is stated by the owner of the property that in a northern shaft two Indian mortars and pestles 
were found immediately upon bedrock, one of them weighing fully 200 pounds. Petrified wood 
is common in rhyolite at this point. Leaf impressions were also observed in rhyolite tuff. 

Within the town of San Andreas occur the remains of two rich channels, known as the 
South channel and the San Andreas channel. The elevations indicate that they are the continu- 
ation of the deep channel of the Marshall property. Three shafts on Ceftietery Knob, on the 
west side of the Angels road, each 40 feet in depth, and some of the workings on the Marshall 
property prove the occurrence of a channel trending westward just south of the town, 35 feet 
below the bedrock rim of the main MarshaU channel at that point. To the northwest, near the 
Hall of Records, it faUs rapidly to the west and carries gravel 4 to 8 feet thick that gave high 
values. Thence westward this channel has been followed and worked under the road. The 
Combination channel, which passes westward under the north side of the town, lies near the 
bottom and just north of the present San Andreas Gulch. It has been opened on the east by 
three shafts and proved to lie at that point (on Pfortner^s lot) 43 to 50 feet deep. To the west 
it has been proved by several shafts and a long ditch. In general these demonstrate a narrow 
channel trending about N. 70** W.; it is filled with 5 to 8 feet of pay gravel covered by 6 feet of 
rhyoUte tuff and about 100 feet of interrhyolitic gravels. The larger part of these channels has 
been drifted. Some work of this kind was in progress in 1902. 
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The records of the main channel system from this locality for some distance downstream 
are meager. On Gold Hill, in the rear of Hospital Ridge, gravels composed of pebbles of bed- 
rock were found in rhyoUte. It appears, however, that the drainage passed north-northwest 
and in the area now occupied by Central Hill united with the drainage from Mokelumne Hill 
and then flowed westward to Valley Springs. Before tracing this combined drainage west of 
Central Hill, however, the northern tributaries, known as the Mokelumne Hill system, will be 
described. 

MOKELT7MNB HILL CHANNEL SYSTEM.^ 
GENERAL FEATTfRES. 

The Mokelumne Hill system of channels extends from Mokelumne Hill on the north to Cen- 
tral Hill on the south, a distance of 6 miles, with an average width of less than 2 miles. (See 
PI. XXVII.) It embraces 8 distinct channels and remnants of others, ranging in age from pre- 
volcanic to late volcanic. In general, it thus indicates that through a period of time covered 
by the records of the ancient drainage systems of this region, the narrow northeast-southwest 
zone now occupied by the gravels of the Mokelumne Hill system was a valley, and that this 
valley persisted throughout as the main southward outlet of the drainage from the north. To 
the north and northeast of Mokelumne Hill the Tertiary deposits of this valley are eroded, but 
it is probable that the streams headed less than 10 miles distant in this direction. An important 
tributary flowing in a south-southeast direction from the vicinity of Jackson joined the main 
stream near Mokelumne Hill. 

The channels show by their wide differences in elevation deep dissection in this period. 
Thus from the highest to the lowest an erosion of approximately 700 feet is recorded. As a 
whole, the grades of the channels of this system are rather steep. In this area relative elevation 
is not a safe basis for the determination of relative age, as has been assumed by some; for exam- 
ple, the main prevolcanic channel is one of the low-lying channels, while late ones, even post- 
volcanic, are among the highest in elevation. Moreover, relative age is not in this area an index 
of value, as the main prevolcanic channel of earliest date and one of the latest of the postvol- 
canic channels are the richest among the number. The channels include the Deep Blue, Tun- 
nel Ridge, Gopher, Corral Flat, Stockton Ridge, Concentrator, Duryea, Kraemer, and Chili 
Gulch. That they were formed under different conditions is proved by the difference in grade, 
in form of bedrock channels, in position and character of gravels, and in succession and char- 
acter of filling materials. The most profitable deposits have proved to be those of the Stockton 
Hill, Chili Gulch, and Deep Blue channels. They were worked in the earUest days of gravel 
mining in CaUfomia, and the main portions of the channels in this system, after yielding large 
amounts of high-grade gravel,^ are now usually regarded as about exhausted. The locality, 
probable course, and general characteristics of each of the channels are given below. (See 
PI. XXVII.) 

CORRAL FLAT CHANNEL. 

Remnants of high-lying gravel deposits known as the Corral Flat channel were found a 
short distance northeast of Mokelumne Hill, at French Hill, and portions of this stream are 
believed to have traversed the Stockton Hill area. At French Hill hydraulic work has exposed 
a definite portion of a north-south bedrock channel overlain by mixed volcanic gravels, and 
these fragmentary exposures seem to show remnants of banded ferruginous bedrock gravel 
blanketed by a succession of rhyolitic tuffs, muds, and gravels, the whole cut to bedrock by 
postandesitic channels filled with bowlders of andesite and a capping of andesitic breccia. 



STOCKTON RIDGE CHANNEL. 

i^ *' At the north end of Stockton Ridge, within the southern limits of the town of Mokelumne 

ai" Hill, occur gravels of a high-lying drainage system, known as the Stockton Ridge channel. 

l^' The deposits are believed to belong to one of the earUest drainage epochs in this area, if not to 
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the earliest. They were among the first in this country to be worked, and as the gravels were 
very rich claims were limited to small areas. As a result, that portion of Stockton Ridge thus 
opened is closely dotted with old abandoned shafts. None of these workings were accessible at 
the time of visit, however, and Uttle could be learned beyond the fact that the general course of 
the deposit was southward and that the values ran very high. It is probable, to judge from 
the deposits, that the gold which, after the heavy rains of to-day is readily washed from the 
gravels and streets of the town, is derived from the tailings of the washings of the gravels of 
Stockton Ridge in early days. Later, work in this vicinity through several deep shafts, one of 
which has been sunk to a depth of 375 feet, has demonstrated that other deep-lying channels 
of later date traversed this area, and they doubtless truncated thoce of the Stockton Ridge 
system. 

GOPHER CHANNEL. 

About 3} miles northeast of Mokelumne Hill, exposures of coarse, rounded bowlders of 
quartz and siliceous bedrock are found upon unworn bedrock at an elevation of 1,835 feet. 
West of these occur similar deposits on a washed and tunneled bedrock surface at the low ele- 
vation of 1,736 feet, and west of the divide are similar deposits. Still farther to the west and 
lower, at a point 2 miles east of Mokelumne Hill, a narrow, sinuous north-south gorge 400 to 
500 feet long and 60 to 75 feet wide is filled with 5 to 8 feet of prerhyohtic gravel which is over- 
lain by rhyoUtic tuflF. The grade is very steep; the rims 25 feet above are still steeper and 
exhibit a similar succession of gravel, rhyolite, sand, and gravel. At the Gopher workings this 
channel swings westward in a broad crescent and shows in both side pit and main pit gravel of 
three distinct ages — ^prerhyohtic, rhyoUtic, and postrhyohtic. The lowest and oldest member, 
here 15 feet in thickness, is made up of coarse, siliceous, cemented gravel with angular blocks of 
slate near the top; the middle member comprises lenses of rhyoUtic tuff with interbedded 
detrital members filUng channels incised in tuff; and the third includes subangular, poorly 
assorted gravel. HydrauUc operations at that point have exposed a channel in bedrock 75 to 
100 feet in width for a distance of over 300 feet, with high, steep rims. 

The connection of this channel to the south is uncertain. It has been correlated with 
the Tunnel Ridge channel. Storms supposed that it swung north of French HiU down through 
the western part of Mokelumne HiU and southeast into ChiU Gulch to connect with the known 
ChiU Gulch deep lead. 

DEEP BLUE, OR NORTH STAR, OR OLD WOMAN GULCH BLUE LEAD. 

The Deep Blue lead (known also as the North Star, after the name of the company which 
is its chief owner and operator; also as the Old Woman Gulch Blue lead, after the name of the 
gulch foUowed by tliis channel) is one of the most important and best-known channels in this 
entire system. It has been explored at the north end in Buckeye Gulch through the original 
North Star tunnel, driven south along the channel; a short distance farther south at Cumows 
by. a deep shaft, at the North Star pit, by hydrauUc work, at the Combination incline, 505 
feet long (vertical depth 132 feet), with transverse drifting; farther downstream and to greater 
depth by the Empire incUne; and at the south end, north of Central Hill, by a series of hydrauUc 
workings. 

The width of the channel varies considerably but appears to average about 200 feet. The 
channel has been found to foUow a general southerly course from Buckeye Gulch under the 
southeastern slope of Old Woman Gulch to a point witliin about a mile of Central HiU. Its 
elevation is neither extremely high nor low, but rather intermediate, varying from 1,440 feet at 
the north to 1,150 feet about 3 (?) miles farther south and 950 feet in pits at the south end. 
This faU shows a grade of over 100 feet to the mile. 

The gravel of the main or lower lead is made up mostly of quartz and bedrock without 
pebbles of Tertiary volcanic rock, and much of it is cemented. This is overlain by oUve-colored 
clay and this by rhyoUtic tuff, above which, approximately 50 feet above bedrock, is an upper 
deposit of gold-bearing gravels, finer than the lower constituent of the upper lead. 
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Special search was made for evidence bearing on the age of the lower gravels. Former 
workers * in this field have held that they should be correlated with the volcanic period. In 
the- present study, however, none of the gravel showed any. volcanic pebbles. Accordingly, 
and in spite of the comparatively low elevation of the channel, it appears to have been cut 
and the lower gravels deposited in prevolcanic time. 

As to its commercial aspects, the lower 5 feet has been foimd to carry the highest values, 
but tests are said to have shown that it averages in places $1.50 a ton to a height of over 13 
feet. In 1897, 4,031 tons of gravel extracted from the North Star workings in 10 months 
averaged $1.95 a ton. It was estimated in 1901 that a considerable body of gravel of pay value 
remained in this channel. 

TUNNEL RIDGE CHANNEL. 

The upper pit in Happy Valley exposes an east rim of a channel at an elevation of about 
1,550 feet bearing subangular, siUceous gravel composed mainly of quartz and bedrock. A 
few andesitic pebbles appear to have been derived from late breccia, but no other volcanic mate- 
rial was found. The main body comprises 30 to 40 feet of ill-sorted gravel, carrying in one 
place poKshed quartz bowlders 5 feet in diameter, and is capped by red-stained gravel and soil. 
About a quarter of a mile nearly due north the gravels have been extensively worked in the 
Mosher pit an,d are revealed in the following section: 

General section of main Mosher pit, 

AndeBitic breccia. Feet. 

Browiiy apparently andesitic tuff 20 

Rhyolitic eeries comparable to Happy Valley mine section 5-15 

Andesitic gravel 0-5 

Andesitic breccia tuff 0-6 

Coarse gravel, subangular, cemented at south end of pit 5 

Fine sand and gravel cut out locally 20 

Fine gravel and sand on bench 25 

Cemented quartz gravel 3 

Coarse, subangular gravel 25 

Bedrock. 

This section indicates in general a long period of gravel deposition, during which the gravel 
was coarse at the base and gradually became finer. The gravel at the south end of the pit and 
immediately under the rhyoUte shows faulting which has brought the cemented gravel opposite 
to the noncemented gravel. The gravel in the Mosher pit is probably to be correlated with 
that on the bench in the Happy Valley mine and is overlain here, as there, by the ferruginous 
cement. It is reliably reported that lower pay gravel was mined continuously from the Happy 
Valley mine to the Mosher, thus demonstrating their unity. The gravels on the bench at 
the Mosher pit yielded Uttle pay. The volcanic series capping the channel at these two prop- 
erties is practically identical though showing considerable shifting of drainage Unes. About 
a quarter of a mile to the south this channel is again exposed by the Lamphyre hydraulic work- 
ings, and at this point the main gravel member aggregates 75 feet in thickness, with a coarse 
angular portion constituting the basal part and fine gravel above, this and the cement resembling 
corresponding members in the Mosher pit. From this point the channel has been explored by 
• drifting upstream to the Mosher, and high values were found on the northwest rim 15 to 20 
feet above the main channel. The north face of gravel at the north end of the pit shows the 
two gravel members separated by a volcanic member and the whole distinctly faulted. From 
these workings the channel extends south-southwestward in the Chili Gulch, where later dis- 
section appears to have cut through and obUterated it, though possibly remnants occur along 
the south side of Chili Gulch farther south. Storms holds that deposits far to the south above 
the San Andreas road are to be correlated with this channel. 

1 storms, W. H., Ancient channel system of Calaveras Count j: Twelfth Ann. Rept. CalifoEala State Mineralogist, 1894, p. 490. 
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DURYEA WHITE LEAD. 

The Duryea channel, which Ues imder Stockton Ridge, is characterized by white gravel 
made up of well-rounded white quartz pebbles and white quartz sand. Its first appearaiice 
on the north is on the northern slope of Stockton Hill, on the south bend of the road west from 
Mokelumne Hill down to Middle Bar Bridge. There, at an elevation of 1,275 feet, the Hexter 
tunnel has followed this channel in a S. 30° E. direction beneath a capping of rhyohte and 
andesite that forms the crest of Stockton Ridge. In Chili Gulch, about a mile south of Mokel- 
umne Hill, where the channel appears on the southeast side of the ridge, occurs the best exposure 
of the gravel characteristic of this channel. Thoroughly rounded quartz gravel 30 to 40 feet 
in thickness is seen interbedded and cross-bedded with bands of pure, clean washed quartz sand. 
This is overlain by a massive member made up of compact coarse quartz sand and fine gravel 
and the whole is capped by rhyolitic tuflF. To the south, at the Concentrator mine, where both 
the Concentrator and Duryea channels appear, this channel, 100 feet wide, carries character- 
istic gravel 10 to 20 feet in thickness at the base, overlain by 10 to 20 feet of gravel fine capped 
by a series of rhyolitic tuffs and rhyolites, including the pink rhyolite, and by andesitic tuflTs 
and breccias. 

CONCENTRATOR CHANNEL. 

On the north slope of Stockton Ridge, about a quarter of a mile southwest of the Hexter 
tunnel, a hydraulic pit exposes a well-defined channel about 25 feet lower than the Hexter 
tunnel, which is regarded as the north end of the Concentrator channel. A deposit of mixed 
gravel 5 to 6 feet thick containing quartz and metamorphic bowlders, but, so far as observed, 
no volcanic pebbles, has a width at this point of 200 feet and is overlain by a succession of vari- 
colored rhyolitic tuffs about 20 feet thick. On the rim at an elevation of about 50 feet above 
this channel are well-rounded quartz gravels which probably were laid down by a branch of the 
Duryea channel system; and overlying both is a thick, massive bed of pink rhyolite. From 
this point workings show that the channel extends imder Stockton Ridge in a direction generaUy 
parallel to the Duryea channel for some distance, and then, swinging south, diverges and has 
been found and extensively worked at the Concentrator mine in Chili Gulch. At this mine 6 
feet of gravel occurs on bedrock, about 90 feet below and underneath the Duryea lead, and is 
overlain by white sand and obscure gray or olive-colored deposits. The channel has been opened 
at this point by drifting for a distance of 1,300 feet. It has been found to fall to the south- 
eastward 35 feet in a distance of 2,900 feet, or about 65 feet to the mile. 

KRAEMER CHANNEL. 

Lying to the west of the main group of channels which are traceable in a general southerly 
course from Mokelumne Hill to Central Hill is a series of gravel deposits extending in a southerly 
direction from a point in Poorman Gulch east of the Gwin mine. They pass east of Golden 
Gate Hill in the general direction of Central Hill. The gravel at the Bob Paul pit, which is con- 
sidered to belong to this channel, though poorly exposed, closely resembles that of the Concentrator 
channel. It is overlain by a succession of rhyolitic tuffs, clay, and gravel, and finally capped by 
andesitic gravel. It is not one of the main series and at the time of visit had not proved of 
special commercial importance. 

CHILI GULCH CHANNEL. 

The Chili Gulch channel lies within the general area occupied by the present gulch of that 
name and has been thoroughly proved from a point about a mile south of Mokelumne Hill 
southward for 3 miles. It presents several interesting features, in that it lies throughout its 
known course below the level of the present stream, follows an extremely meandering course, 
and is faulted. 

Its north end in this county is uncertain, some observers having correlated it with the 
Gopher channel and others with short, isolated sections of channels found in the vicinity of 



JACKSON AND BIQ TBEES QUADRANGLES. 209 

Mokelumne Hill. It is first positively recognized emerging from beneath Stockton Ridge 
south of the Green Mountain pit, on the southeast side of the creek, in the American shaft, at a 
depth of 110 feet, at an elevation of 1,175 feet. Passing west beneath the creek bed it has been 
struck at a point south of the Concentrator pit in the water company's shaft at a depth of 
115 feet. About half a mile west the What Cheer shaft is commonly believed to have entered 
the channel at a depth of about 200 feet. Swinging southward from this point through 90**, 
the channel is found about half a mile to the south, on the west side of the road, in the Werle 
shaft, at a depth of 200 feet. From this point it is proved by the Pennsylvania sliafts Nos. 1 
and 2 and the Pellaton shaft — 110, 60, and 45 feet deep, respectively — to pass southeastward 
under the creek, swing to the south, and then completing the semicircle, pass west* again under 
the creek. Immediately west and at a depth of 45 feet it is cut in the Chappellet shaft, and 
drifting down the channel from this point for a few himdred yards revealed steeply rising bed- 
rock, probably marking a fault beyond which, it is understood,* this channel has never been 
positively identified. 

The gravel at the Werle shaft is dark-blue cemented quartz, and at the Chappellet shaft it is 
also cemented and carries rhyolite fragments; at the America, What Cheer, Werle, and Chappellet 
workings this is overlain by rhyolitic tuflF. The position of the gravel shows the channel to be of 
inter-volcanic age and the apparent relation of its capping of rhyolite to other neighboring 
channels tends to indicate that the Chili Gulch channel is the youngest of the main channels 
of this entire system. 

Its grade could not be reliably determined, but it is clear that the bedrock channel now has a 
very irregular grade, as might reasonably be expected for a late volcanic channel — higher toward 
the head, moderate along its middle course, and reversed at the south end. Cutting the rich 
leads imder Stockton Ridge and all channels in its path, it has robbed them of some of their 
values and, reconcentrating them, afforded high returns. It is thus quite natural that the 
channel should have early attracted attention and now be practically worked out. 

The southward extension of these channels approaches Central Hill, and the correlation 
of several gravel deposits which have been drifted and hydraulicked there is rather doubtful. 

AGE OF MOKELUMNE HILL CHANNELS. 

It is difficult to give a connected sununary of the relative age of all the channels of the 
Mokelumne Hill system. It is clear at any rate that the main stream of prerhyolitic age is 
represented by the deep blue lead, and the Tunnel Ridge channel appears to be on a bench 
of this stream. The Concentrator channel, of which the Duryea channel seems to represent a 
swinging bench, belongs to the same period and is a tributary coming down from the vicinity of. 
Jackson, in Amador County. The Chili Gulch channel represents the main interrhyoUtic 
channel and cuts the othera. The interandesitic channels seem to be of Uttle importance in 
this system. 

CENTBAL HTTiTi AND WESTWABD. 

In the Central Hill area, as previously mentioned, the two systems, the Central Hill channel 
from the southeast and the Mokelumne Hill channel from the north, imite and the stream con- 
tinued toward Valley Spriugs underneath the gravel and tuff. Although the connection could 
not be observed owing to the inaccessibihty of most of the workings, and although many details 
necessarily remain unproved, it seems certain that they do join here and continue westward 
as one channel. The San Andreas system (Central Hill and Fort Mountain) is believed to enter 
at the south end of the hill, in the area explored by the Swanson tunnel, and to extend north • 
west, as shown by the Union shaft in wliich, at a depth of 150 feet, a 1,200-foot drift extends 
northward in the channel. The same relation is also indicated by the Palmer shaft inmiedi- 
ately beyond which goes down to southwestward sloping bedrock at a depth of 290 feet. The 
Agostini shaft, half a mile northwest, with slopes turned at a depth of 190 feet, one to the east 
150 feet in length, and a deeper one on the west 70 feet in length, suggests that this tributary 
S8337*»— No. 73—11 14 
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turns westward just before reaching this shaft. About 1) miles to the north the Lava shaft and 
a long tunnel are commonly regarded as demonstrating the location of the channel from the 
Mokelumne Hill area on its southward course. This channel should thus unite with that from 
the northeast in the vicinity of the Agostini shaft. The Putnam and Pump shafts, 1 J and IJ 
miles to the south, respectively, indicate the position of a swing of the combined channel. 

West of Central Hill the channel rims have been only sUghtly explored. The Horsewell 
shaft, after penetrating mixed gravels of quartz, bedrock, and sand, encountered at a depth of 
about 300 feet dark-blue gravel. On the Spring Valley property two shafts, one 176 feet and 
the other 167 feet deep, appear from the dumps to have cut mixed gravels with some quartz and 
rhyolite, and are reported to have discovered at the bottom a thin cemented auriferous gravel. 
On the Shaw property a shaft sunk through gravel for 150 feet failed to reach bedrock, and a 
tunnel 500 to 600 feet long has also been run at that point beneath a cap of rhyolite. 

FORT MOUNTAIN CHANNEL. 

In Tertiary time a broad depression extended north and south on the middle slopes in Cal- 
averas County between the first ridges of the Calaveras formation now dissected by Esperanza 
and Jesus Maria creeks and the higher slate ridges of the Blue Mountains farther to the east. 
This depression was occupied by a southward-trending branch of the Tertiary Calaveras River, 
now called the Fort Mountain channel. It headed a few miles east of West Point, south of Devils 
Nose, the high point overlooking Mokelumne River; possibly its extreme headwaters lie a few 
miles farther east, in a sharp lava-filled depression just east of Devils Nose, but it did not connect 
with the Tertiary Mokelumne mentioned on a preceding page. It continued southward for 
about 15 miles to a point a few miles southwest of Sheep Ranch; turning to the southwest, it 
then continued for a few miles and joined the main Tertiary Calaveras River (Central Hill chan- 
nel) about 4 miles southeast of San Andreas. Across the Middle and South forks of Mokelumne 
River much of the channel is eroded. Between Calaveras Valley and Sheep Ranch a large part 
of the channel remains and has been mined only in part. From Sheep Ranch to the junction 
with the master stream only a few gravel patches remain to indicate its direction. 

The gravel filling the deepest gutters of the channel is subangular, is partly cemented, and 
contains, at least in places, pebbles of rhyoUte. The width is rarely over 100 feet. 

The old valley was first filled with rhyoUtic tuffs, the exposures of which will indicate its 
general direction. This tuff attains in places a thickness of 300 to 400 feet.^ The origin of 
this rhyolite is somewhat doubtful; possibly it was erupted from some local vent near the head 
of the channel. The rhyoUtes are covered by andesitic tuffs with a greatest thickness of 700 
feet, but it is not probable that these flows reached the summit of the western divide of the Fort 
Mountain Valley. 

The grade has the gentle slope characteristic of the longitudinal channels. The first expos- 
ures on Hunter Creek, 4 miles south-southwest of Devils Nose, have an elevation of 3,500 feet. 
At Railroad Flat the elevation is 2,500 feet; Esperanza Creek just fails to cut through the 
channel to the bottom. It is Ukely that some local faulting has taken place where the channel 
crosses the South Fork of Mokelumne River. Jesus Maria Creek just trenches the gutter at 
an elevation of about 2,300 feet. Near Sheep Ranch the elevation is about 2,150 feet, and at 
the junction with the Central Hill channel it is about 1,100 feet. From Esperanza Creek to 
Sheep Ranch the grade in 5 miles is about 70 feet to the mile in a southerly direction; from 
Sheep Ranch to the junction the grade increases to 100 feet to the mile, corresponding to a south- 
westerly stream course. 

No quartz mines of importance have been developed along the upper part of the Fort 
Mountain channel, but the slates in many places contain seams of gold-bearing quartz which 
have yielded the gold now concentrated in the channels. Near Sheep Ranch, however, are 
some well-known quartz mines which have attained considerable depth. The extensive gravels 
about Railroad Flat are mostly subangular and mixed with red soil. Turner regards them as 
perhaps derived by local disintegration on the Tertiary surface and says that they he somewhat 

1 Big Trees foUo (No. 51). Geol. Atlas U. &, U. S. GeoL Survey. 1806. 
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higher than the wash gravels with rhyolite pebbles which are exposed about a mile farther north. 
The Lampson channel, 2 miles south of Railroad Flat, forms a small westerly tributary to the 
I main Fort Mountain channel. 

The main channel has been mined at Hunter Creek, 3 J miles northeast of Woodcock's mill; 
here the stream gravels as exposed by a hydraulic cut are 30 feet thick, contain pebbles of rhyo- 
lite, and lie under a rhyolite capping which appears to extend north imder the andesite. The 
Fort Mountain channel has further been mined east of Railroad Flat, on Esperanza Creek, where 
a shaft is sunk about 100 feet to bedrock, and at the Banner Blue Gravel mine, on Jesus Maria 
Creek, worked by a shaft sunk 63 feet deep through the rhyolite. The gravel is about 100 feet 
wide, carries from 25 to 40 per cent of coarse bowlders, and contains much black sand and iron 
sulphide. A thickness of 6 to 8 feet of gravel is exhibited, which is said to contain from $3 to $4 
a ton and is mined and milled for $1 to $1.25 a ton.^ 

Near Sheep Ranch are several gravel areas, capped by rhyoUte; some of these have been 
mined by the hydraulic process, and the bottom gravel drifted in places. At the Brassila mine, 
on the same channel 2 miles northwest of Sheep Ranch, the gravel body is about half a mile 
wide. The channel is mined by drifting, and the cemented gravel is crushed and amalgamated 
in a lO-stamp mill. Drifting operations have also been carried on at the Lava Bed mine through 
a shaft 85 feet in depth; the partly cemented high-grade gravel has been followed for several 
hundred feet and is crushed and amalgamated in a 5-stamp mill.^ At least a mile of the rhyolite- 
capped channel remained unworked in 1902. The channel is thought to be 150 to 200 feet wide 
and covered by 24 feet of gravel and sand. The gravel is coarse, subangular, and poorly 
assorted. Tests are said to have given an average value for the entire thickness of 50 cents a 
cubic yard. 

The loWer part of the Fort Mountain channel from Sheep Ranch to Cala Veritas is largely 
eroded away, although a few gravel patches mark its southwest direction very clearly; in the 
main it followed O'Neils and San Antonio creeks. There are indications that it was joined 
near Cave City by a tributary from the northwest by way of Eldorado or Mountain Ranch. 

To the west between Mountain Ranch and Cave City three areas of gravel have been worked. 
One is a mile northwest of Cave City at the Austrian Hill mine, where a shaft penetrated two vol- 
canic beds and two gravel beds. A mile to the northwest the Gascon Hill pit shows a deep, 
steep-sided channel with at most 25 feet of gold-bearing gravel capped by rhyoUtic tuff, which in 
turn is overlain by gravel. Nearby a pit 200 by 200 feet shows a surface of slate bedrock marked 
by a channel 200 feet in width to a depth of 15 feet, bearing 5 feet of subangular gravel, mainly 
quartzite. The principal gravel mining in this vicinity, however, at the time of visit was in 
^ . Eldorado Gulch, a mile west-southwest of Mountain Ranch, on tHe Rose Hill property. Here 

hydrauUc operations were in progress in 1901 and 1902. On the Rose Hill property hydraulic 
work has revealed a channel extending for a distance of 800 to 1,000 feet, 100 to 150 feet wide 
in a N. 75® E. direction. In the Emery pit on this property the face at the head of the pit shows 
the channel to be filled to a depth of 50 feet with the following beds : 

r 

U 

;:. Section in Emery pit, near Mountain Ranch. 

Feet 

Upper gravel topped by Boil 5 

^^ RhyoUtic tuff eroded at upper surface 5 

eti Gravel with large rhyoUtic pebbles in base 5-15 

• t RhyoUtic tuff (cut out locally on the east rim and tongues of tuff intercalated in gravel) 0-15 

. Reddish angular slate gravel grading upward into fine clay cement with fine pebbles 8 

Gold-bearing cemented gravel 7-8 

<• 
le ' The gravel consists of coarse and angular slate fragments with rounded pebbles of quartz, 

I ^ quartzite, and other bedrock. All the gravel members except the lowest contain identifiable 

rer rhyoUte pebbles, but no andesite was recognized. The shingling of the gravels clearly indicates 

p^' a northeast direction of flow of the depositing stream. It is probable that this stream was a 

the-' tributary to the main channel. The recovery averaged 37 cents to the yard during the first 



nv 
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^ Kerr, M. B., Mining resources of Calavenis County , published by Calaveras County Exhibit, Mining Fair, San Francisco, 1896. 
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year; subsequent operations have netted somewhat lower values. It was stated in the press 
that in 1902 one-third of an acre had yielded $5,358. 

About 3 miles to the southwest, in the vicinity of the settlement of Old Gulch, several 
areas of gravels belonging to this channel occur. One-quarter of a mile southwest of the forks, at 
the road leading from the Old Gulch road to Dogtown, the road follows the channel, here 150 to 200 
feet wide and littered with large rounded bowlders of quartz and slate; between the forks of the 
road, in the elbow of the stream, the channel widens to 300 feet. Immediately to the south the 
channel narrows and a succession of rapids appear, the width decreasing at one point to 50 or 
60 feet. 

In the Rocchi pit hydraulicking has exposed a stretch of 800 feet of this channel, 60 to 
80 feet wide and carrying a bed of 60 to 75 feet of rather fine mixed gravel. The pebbles are 
of quartz and metamorphic rocks and are rather more rounded than those near Mountain Ranch. 
Thin lenses of rhyolitic tuff are included in the sections exposed. The grade of the bedrock 
and the shingling of the pebbles indicate that at this point the stream flowed toward the south. 
A small patch of gravel about a mile farther west has been hydraulicked. Just west of that 
this channel has apparently united with the master stream, the Central Hill channel. 

COLUMBIA BASIN. 

The vicinity of Columbia is of exceptional interest to the placer miner and to the geologist. 
The former found here in a flat valley underlain by limestone (PI. XI, A, p. 72) one of the richest 
districts in the Sierra Nevada. It is said that over $50,000,000 was taken out from the Columbia 
diggings from 1853 to 1870, and some work is going on even at the present time. In 1901, when 
the locaUty was visited, some of the gravel in the limestone potholes was being worked and 
very rich ground had recently been drifted on the Dondero claim at Yankee Hill, i miles east 
of Columbia. 

To the geologist the Columbia basin is of interest, as a Tertiary valley has here been 
accidentally preserved with almost the same topographic features which it possessed in pre- 
volcanic time. A number of bones of extinct animals have been found in its gravels as described 
by Whitney,* among them those of the mastodon, elephant, and Equus excelsua. Human imple- 
ments have also been found, but all of these occurrences are of doubtful value, for the valley 
has been as open in Quaternary as in Tertiary time and the distinction of the different gravels 
is not easy. 

The Columbia basin is a flat, open valley about 2 miles in diameter, at an elevation of about 
2,100 feet, just to the east of and 1,000 feet above the canyon of the Stanislaus. Low hills at 
most 200 feet in height separate it from the steep slopes of the modem canyon, while on the 
east a low ridge separates it from the Yankee Hill basin. To the north of Columbia the hills 
rise 500 feet above the town and increase rapidly in height toward the east, so that Yankee 
Hill is inclosed by steep ridges rising over 1,000 feet above the flat. The Columbia basin is 
now drained by Mormon Creek toward the south and into the Stanislaus; Yankee Hill is drained 
by Woods Creek, which flows south past Sonora into the Tuolunme. Both creeks flow in flat 
trenches cutting through a series of low hills; this southward drainage was evidently effected 
in Quaternary time. During the andesitic epoch of the late Tertiary the valley drained south- 
ward by way of the Table Mountain channel. On the other hand, in prevolcanic Tertiary time 
the drainage was evidently northward by Gold Spring toward some point of the deep channel 
of the Tertiary Calaveras River near Douglas Flat. The stream headed at the amphitheater of 
Yankee Hill, flowed southward for a couple of miles, then turning north passed Columbia and 
crossed the present course of the Stanislaus Canyon. 

A broad belt of crystalline limestone occupies the center of the Columbia basin from north 
to south. On each side of the belt are ridges of the Calaveras formation; they seem to have 
been particularly resistant on the east of Yankee Hill. The valley lies between two areas of 
granodiorite intrusive into the slates and in this separating strip, which is a few miles wide, a 

I Auriferous gravels, pp. 256. 257, 263. 
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great number of . narrow but extremely rich *' pocket veins'' have been formed. The slow 
degradation of this area during prevolcanic time concentrated the coarse gold to an extraordi« 
^ary degree in the flat central basin; deep potholes corroded in the limestone proved to be excep- 
tionally effective gold riffles. Toward the close of the Tertiary period the valley was covered 
^y andesite and rhyoUte tuff, of which some small areas remain; of the former near Springfield, 
^f the latter near Columbia and Gold Spring. Gradual erosion of this cover took place in 
Quaternary time, and as soon as this mantle was removed the process of gold concentration 
again began. 

The miners recognize the presence of a Tertiary channel in this valley, besides much Qua- 
ternary wash. They trace it upstream from Gold Spring to a point west of Columbia, thence 
southward to a point on the low ridge separating Mormon Creek from Woods Creek, thence 
up Woods Creek to Yankee HQl. The elevation of the bedrock at Gold Spring is 2,150 feet 
and at Columbia about the same. Northwest of Browns Flat it is 2,200 feet and at Yankee 
Hill 2,260 feet. The grade of the channel was evidently very slight. 

All the gravels of the Columbia region are imperfectly washed and at Yankee Hill the wash 
becomes subangular. At the Dondero mine, Yankee Hill, the deep channels, which here split 
up into several tributaries, lie below the surface of the creek in narrow troughs. One of these 
recently drifted by Mr. Dondero yielded $50,000 in coarse gold within a short distance and was 
opened by means of a tunnel on a 3 per cent grade, nearly a mile long. This channel contained 
rough gravel 20 feet wide between very decomposed rims of calcareous slate; the trough above 
was fiUed with barren gravel and brown muck. 

A study of the surroundings of Columbia is recommended for those who still believe that 
the prevolcanic Tertiary surface of the Sierra Nevada was a peneplain. 



CHAPTER 20. THE SONORA AND YOSEMITE QUADRANGLES. 

GENERAL FEATURES. 

The Sonora and Yosemite quadrangles lie to the south and southeast of the Big Trees 
quadrangle. They embrace a rectangular area of about 35 by 54 miles which contains a 
considerable part of the foothills and middle slopes of the Sierra in Tuolumne and Mariposa 
counties. This area is drained by Tuolunme and Merced rivers, which break across the 
greenstone ridges of the foothills in rough canyons. The region is very sunilar to the 
Jackson^ and Big Trees quadrangles described in chapter 19. 

GEOLOGY. 

The southwest corner of the Sonora quadrangle is occupied by the lone formation and 
the Quaternary gravels of the valley. Next follows a broad foothill belt of high greenstone 
ridges which contain several strips of the Mariposa formation (Jurassic). The northeastern 
half of the Sonora quadrangle and the southwest corner of the Yosemite quadrangle are occupied 
by the slates and limestones of the Calaveras formation (Carboniferous) intruded by severaf 
bosses of granodiorite. Granites and granodiorites make up nearly the whole of the Yosemite 
quadrangle. South and southeast of Merced Falls are two level-topped buttes capped by 
sandstone of the Tejon formation, which rests almost horizontally upon the nearly vertical 
edges of the Mariposa formation. The basal bed is crowded with angular fragments of the 
slate and with abundant pebbles of white vein quartz; the upper beds are composed of a light- 
colored quartzose sandstone with numerous bands of small quartz pebbles. Marine fossils 
{Venericardia planicosta) are fairly abundant in the upper bed at the west end of the butte 
that lies 1 mile south of Merced Falls. These sandstones are overlain to the west by the light- 
colored sandstones of the lone formation. The two formations are probably not absolutely 
conformable, as the lone beds transgress upon the rocks of the "Bedrock series" farther north. 

The rocks referred to the lone formation in the Sonora quadrangle are a series of soft, 
usually light-colored, more or less tuff aceous beds which overlap the Eocene sandstones and the 
older rocks of the "Bedrock series '* in the southwestern portion of the quadrangle. The beds 
are apparently horizontal but dip slightly to the west. They exhibit considerable lithologic 
variety. Some of the beds are composed of a light-colored, fairly quartzose sandstone; others 
are stained brown or yellow with iron oxide, or striped with yellow, brown, or pink bands in 
fine wavy patterns; still others are composed of fine white rhyolite tuff and of the decomposed 
tuff called clay rock. The more quartzose beds occur near the base of the series. 

Overlying the lone formation in the southwest comer of the Sonora quadrangle is a series 
of sandstones and conglomerates which contain varying amounts of andesitic detritus. 

Andesitic tuff of the type so abundant over large portions of the Sierra Nevada occurs 
but sparingly in the Sonora quadrangle, being confined to the vicinity of Montezuma, Soulsby- 
ville, and the northeast corner of the quadrangle. 

The entire area of these quadrangles has acted as a solid crust block which has been tilted 
with the rest of the Sierra. Only a few minor faults and dislocations are present. 

TUOLUMNE TABLE MOUNTAIN. 

The Oroville Table Mountain on the north and the Tuolunme Table Mountain on the 
south have long been places of exceptional interest both for the miner and the geologist. The 
lava cap of the Oroville Mountain represents one of the earliest of the Tertiary eruptions, but 
the basaltic flow of Tuolumne County took place toward the close of the volcanic epoch. 
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During a lull in the eruptions of fragmental andesitic material, when the Tertiary river 
channels were already choked by volcanic d6bris and the low divides were covered a new drain- 
age line was established which took the transverse direction of the modem canyons. This 
new drainage line began in the Dardanelles quadrangle, entered the Big Trees quadrangle 
just east of Clover Meadow, and continued thence in a general southwesterly direction by 
way of the Calaveras grove of big trees down to Douglas Flat, where it encountered one of 
the principal Tertiary valleys, now filled with rhyolitic and andesitic lavas. The new drainage 
did not continue along the old stream toward San Andreas, but turned south, crossed the 
present line of the North Fork of the Stanislaus at Squaw Hollow, and continued down the 
west bank of this river to Parrott Ferry. Turning southeastward at the latter point, it again 
crossed what is now the Stanislaus Canyon and continued on to Shaws Flat and thence south- 
west across the Sonora quadrangle to Knights Ferry. This channel is known to miners as the 
Table Mountain channel. The stream was a long one, holding much the same relation to the 
Neocene slope that the Stanislaus, with its North and Middle Forks, holds to the present general 
drainage system. 

This new channel was actively eroded for some time and cut a rather narrow V-shaped 
trench through the earlier volcanic rocks and on the lower slopes of the range, also down into 
the '^Bedrock series," in places to a depth of several hundred feet. A small amount of gravels 
accumulated in the bottom of the channel. Renewed eruptions filled the valley with andesitic 
sands and tuffs^ and finally the channel was sealed by a flow of black basaltic rock which 
followed it all the way from the Dardanelles quadrangle down to Knights Ferry, on the 
Stanislaus. As may be seen in the Big Trees and Sonora quadrangles, remnants of this flow are 
preserved high up on the divides along the Stanislaus at elevations 1,500 feet above thepresent 
stream on the middle slopes, thence gradually sinking relatively to the modem drainage level 
until, at a point a few miles above Knights Ferry, the oottom of its channel is on a level with 
the stream bed of the modem canyon. 

That part of the flow which is designated Tuolumne Table Mountain, and which is of impor- 
tance from the miner's standpoint, is almost continuous from Shaws Flat by Sonora and thence 
down to Knights Ferry — a distance of about 20 miles. The thickness of the lava flow is at 
most 200 to 300 feet. 

Although the rock has all the external characteristics of a black fine-grained basalt, locally 
with columnar structure, it is in reality a latite. It has a high percentage of total alkalies, 
with potash slightly in excess of soda. Chemically it stands between the andesites and the 
trachytes. Mineralogically it consists of labradorite, augite, olivine, magnetite, and a glass 
rich in potash. Further notes on this rock and on its distribution may be found in the Sonora 
and Big Trees folios.* The pay channel is of irregular width, rarely exceeding 100 feet; in 
many places there are two channels at somewhat differing elevations. The rims rise sharply 
100 or 150 feet above the bottom. The gold is coarse and the gravels are thin, andesitic tuffe 
here and there closing down on the bedrock. The gravel is as a rule covered by a few feet of 
clay and 50 to 70 feet of sands of volcanic origin. Above this lies at many places a compact 
andesitic tuff, which is succeeded by the solid latite, from 50 to 200 feet in thickness. 

The channel has been worked by a number of tunnels and inclines, chiefly between Shaws 
Flat, near Columbia, and Montezuma — a distance of about 10 miles. The gravels have proved 
to be very spotted in value, and Whitney ^ points out that as a whole the operations have been 
unprofitable. Most of the drift mining was undertaken between 1855 and 1865. In 1870 
mining operations were suspended, but some work has been in progress intermittently almost 
every year since then. In 1902 a little work went on near Springfield and also at the Leap Year 
tunnel, 1 J miles below the Alabama quartz mine. Probably not more than $1,000,000 has been 
extracted from the gravels underneath Table Mountain. 

About Douglas Flat and elsewhere north of the Stanislaus there is no evidence that this 
channel had trenched the bedrock below the earlier andesitic and rhyolitic tuff^s. Nor is there 

^ Nos. 41 and 51, Geol. Atlas U. S. s Auriferoiis gravels, p. 134. 
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indication of any gravel channel below Table Mountain where it commences south of the river 
overlooking and 1,000 feet above Parrott Ferry. The first appearance of the channel is 1 mile 
southwest of Columbia, near Springfield, at the Davis place. There is an andesite hill rising 
100 feet above the Columbia Valley and the channel begins in the flat a quarter of a mile north 
of the base of this hill and continues underneath it, 30 to 40 feet wide, with 2 to 3 feet of imper- 
fectly washed gravel. It seems thus that the Table Mountain channel had its origin in the 
Coliunbia Valley, the streams of which, in prevolcanic time, most probably drained northward 
toward Douglas Flat. At some time, however, it must have connected with the Cataract 
channel, in the Big Trees quadrangle, also an interandesitic channel and followed by the same 
flow of latite. 

At the south end of the Davis ground a shaft has been sunk to a depth of 160 feet through 
gravel, sand, and andesitic tuff. The channel was found, but the water proved too abundant 
to handle. South of this point the channel continues but has not been mined. In 1901 some 
drifting was in progress on the Richards ground, on a tributary to the main channel. The 
elevation of the bedrock is 2,080 feet at the inlet and 2,020 feet at the Davis shaft. 

The channel crosses Mormon Creek among deep potholes in limestone. From this point 
for a few miles southwest the eastern rim of the old vaUey is preserved and rises 100 to 200 feet 
above the flat surface of the Table Mountain. But the west side is deeply eroded and here the 
channel has been opened by a number of tunnels, described and figured by Whitney * as the 
Buckeye, Boston, Maine Boys, and Eureka tunnels. 

From a point northwest of Jamestown for a few miles to the southwest both rims of the 
channel are eroded and the volcanic cap rises abruptly with its black escai-pments and level 
top, the width of which is from a few hundred feet to half a mile. Several tunnels have been 
driven to the channel, and, as stated above, work was in progress in ICOl on the Leap Year 
claim, extending for 1,300 feet along the ridge, 1 mile below the Alabama mine, ^here Table 
Mountain crosses the Mother Lode. A higher tunnel has been opened on an upper channel 
(elevation, 1,660 feet), with a thin gravel deposit of quartz, greenstone, and siliceous slates 
covered by gray pipe clay. This in turn is overlain by a brown, extremely well-stratified vol- 
canic tuff. A lower tunnel, at an elevation of 1,620 feet, was intended to open the main 
channel, which is reported to be up to 300 feet wide, with gravel 3 to 5 feet deep. 

At Montezuma a considerable body of rich quartz gravel has been mined. This gravel 
probably belongs to an older Tertiary stream. Southwest of Montezuma the Table Mountain 
flow enters a belt of higher serpentine and greenstone ridges, and from this place dow n toKiiights 
Ferry, which is outside of the Sonora quadrangle, the old valley is preserved, both rims as a 
rule rising above the lava. NaturaUy, little mining has been done, as the channel could not 
readily be drained. It is said that the channel has been opened 6 miles above Knights Ferry 
by tunnels 50 to 100 feet above Stanislaus River. The gravel is reported to have been 10 to 15 
feet thick, with ''pay in spots." Gray '* cement" covers the gravels. 

Knights Ferry is situated at an elevation of about 200 feet on the north side of the Stani- 
slaus, where the river debouches with steep grade from a rocky canyon into the rolling foothill 
country. The last ridges of the *' Bedrock series" at the edge of the valley dip rather sharply 
underneath a series of well-stratified brown and gray andesite tuffs, which rise 200 feet above 
the river and are gently inclined westward. These tuffs are covered by thin Quaternary gravel 
of siliceous pebbles and the wide valley of the river between the bluffs and the first bedrock 
bilk contains several Quaternary gravel benches 170, 100, and 35 feet above the water; many 
of these have been mined. 

The last outcrops of the Table Mountain latite appear on the south side of the river, a 
short distance above the bridge at Knights Ferry. The top of the flow, which, as exposed on 
the slope of the south side of the canyon, is 60 feet thick, lies about 150 feet above the river 
and is 1,500 feet wide. The channel itself is not exposed, but the gradient of its slope would 
carry it underneath the separating Quaternary gravels and underneath the bluffs of andesitic 
sandstone a little farther west. 

* Auriferous gravels, pp. 134-137. 
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The latite flow does not stand out as a table mountain in these most westerly foothills. 
On the contrary, the old valley may be clearly seen from any prominent point, the bedrock 
hills rising gently on the south above the volcanic flows to heights of 500 feet or more, while 
on the north the Bear Mountains, some distance away, rise to elevations of 3,000 feet. 

Two miles above Knights Ferry the Table Mountain flow crosses the canyon of the Stani- 
slaus. The top of the flow is approximately 200 feet above the river, 1,500 feet wide, and 150 
feet thick. SUding debris obscures the relations below, but the basaltic rock is probably under- 
lain by andesite tuff or sands 100 feet thick. Thcj bedrock of the old channel is somewhat 
below river level. No mining has been done here. The canyon of the Stanislaus begins 
immediately east of Knights Ferry, and the first 2 miles of it are cut first in granitic rocks, 
then in greenstones. The river grade is very steep but becomes more gentle above the crossing 
of the Table Mountain channel. 

GOLD-BEARING AREAS. 

The lower foothill ridges of these two quadrangles, composed of greenstones and Mariposa 
formation, contain few gold quartz veins. The veins of the Mother Lode traverse the Sonora 
quadrangle diagonally from northwest to southeast, and many prominent mines are located 
along them, from the Rawhide, App, and others on the north to the Princeton on the south. 
The vicinity of Sonora and Tuttletown is distinguished by the occurrence of many small and 
rich pocket veins. 

The slates of the Calaveras formation on the east of the Mother Lode are here relatively 
rich in gold-quartz veins. Possibly this is due to a number of small granitic intrusions con- 
tained in the slates in the Sonora quadrangle. Among these are the Soulsbyville veins in the 
granodiorite a few miles east of Sonora and the Bigoak Flat veins, 12 miles south-southeast 
of Sonora; still farther east are the Buchanan veins and those in the southwestern part of 
the Yosemite quadrangle, which otherwise is almost barren of gold deposits. The gold-bearing 
areas of the Yosemite quadrangle are practically coextensive with the area of the Calaveras 
formation. The more productive mines are located along a line from the Kinsley mining 
district on the western border of the quadrangle to the Hite Cove region, in a course about 
S. 60® E. This belt is frequently referred to as the East lode and continues into the Sonora 
quadrangle, but it is rather a zone of disconnected short veins with widely differing strike. 
The mines of the Mother Lode situated in this area have yielded several milUon dollars, but a 
considerably larger amount, said to be $18,000,000,^ has been extracted from the quartz of 
the mines east of the Mother Lode. Soulsbyville has been the most productive locaUty. 

Tertiary gravels are very sparingly represented. They are confined to those below Table 
Mountain, which have never proved very remunerative; to those of a small area at Chinese 
Camp, which were rich; and to the gravels west and northeast of Colfax Gate, in the Sonora 
quadrangle and the adjoining part of the Yosemite quadrangle. With this exception the 
Yosemite quadrangle contains no Tertiary gravels of importance. 

On the crest of the plateau-Uke ridge a few miles east of Groveland, overlooking the deep 
canyon of Tuolumne River, are some considerable bodies of river gravel, doubtless representing 
the Neocene Tuolumne River. These have been hydraulicked at several points, giving good 
exposures of the deposits. The area 3 miles west of Colfax Gate, which occupies about 200 
acres, is made up chiefly of pebbles of sihceous rocks of the Calaveras formation and of quartz. 
The deposit is 100 feet or more in thickness. The gravel bank at the mine If miles due north of 
Smith Station contains pebbles of black sihceous argilUte, and also of rhyoUte, the latter being 
common. A third area, which also has been mined, is located 2 miles farther west-northwest. 
All the gravel areas of this ancient river representing the present Tuolumne appear to have been 
covered with andesitic breccia. What is probably a part of the same river deposit occurs 3^ 
miles northeast of Colfax Gate, at the edge of the Sonora quadrangle, and extends eastward 
into the Yosemite quadrangle. On the west side of Moore Creek is a small well-defined chan- 
nel that has been traced for about 2 miles. Its elevation is less than that of the larger channel 
just described, and it is probably later in age. 

1 California mlaes and minerals, published by the Callfomia Miners' Association, San Francisco, 1899, p. 364. 
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The production from the Tertiary gravels of this area is small. Three or four million dollars 
would probably cover the entire output, most of which came from Table Mountain, Montezuma, 
and Chinese Gamp. The gravels in the eastern part of the Sonora quadrangle appear to be 
of lower grade. In 1908 drift and surface mines yielded only $12,395. In contrast to this 
the Quaternary gravels worked in the early days yielded phenomenal sums. An estimate ^ of 
the early placer output of the camps in Tuolumne County aggregates $100,000,000, aside from 
$55,000,000 asserted to have been derived from the Tertiary and Quaternary gravels of Columbia 
(in the Big Trees quadrangle). Most of this wealth came from the northwest comer of the 
Sonora quadrangle, and, of course, to a lai^e extent it represents Quaternary reconcentration 
of Tertiary gravels carried away by erosion. The gold was unusually coarse, many nuggets 
weighing from 20 to 75 pounds being reported from the vicinity of Sonora. 

Quaternary gravels have been worked on a large scale at Lagrange, near the place where 
Tuolumne River issues from the mountains. 

The present production from the placer mines is very small and is derived mainly from the 
vicinity of Jamestown and Table Mountain. 

TERTIARY TOPOGRAPHT. 

Only one of the Tertiary rivers, the equivalent of the present Tuolumne River, can be 
traced across this area. One striking fact is that the present Tuolumne follows closely, except 
in its lower course, the valjey of the Tertiary river. This is due to the small amount of andesitic 
lavas, which simply followed the old valley downward without flooding the divides or causing 
important stream diversion. South of the Tertiary Tuolumne the lavas are practically absent 
and the most important guide to the locating of the Tertiary watercourses fails. H. W. Turner * 
has estabUshed the course of the Tertiary Tuolumne across the Yosemite and Sonora quad- 
rangles. His statement is as follows: 

In the Yoeemite quadrangle only one of the Neocene streams, the Tuolumne, can be traced by its gravels. The 
reason of this is that only in the Tuolunme basin were there extensive lava flows, which filled the Neocene drainage 
and preserved the gravels underneath. Even here the gravels and overlying lavas have been largely eroded. 

The Neocene channel can be traced from the ridge east of Piute Creek, westward to a point north of Rancheria 
Mountain, thence down Deep Canyon, from which point it may have gone down Rancheria Creek or over through 
what is now Tiltill Valley, thence over the site of the Hetch Hetchy, reaching the south side of the present Tuolumne 
Canyon to the west of Hog Ranch. The bench, with an altitude of about 8,000 feet to the east of Rodgers Canyon, 
pretty certainly represents a portion of the Neocene Tuolumne basin, but except near Rodgers Creek the lava covering 
has been entirely removed. 

Going west we find the lava covering well preserved on the spur east of Piute Creek, but no gravels are exposed, 
but the V-shaped channel is clearly evident on the slope toward Piute Creek. To the west of this creek is an even 
better section of a lava-filled V-shaped channel, and in this case the river gravels are to be seen perhaps 50 feet in 
thickness at the bottom of the channel. A short tunnel was run in here many years ago, presumably for placer gold 
in the gravel. Besides abundant lava pebbles, there are numerous pebbles of slate and metamorphic lavas such as 
make up the mass of Mount Dana, and one pebble was found of epidotiferous sandstone, precisely like the rock of 
the summit of Dana. 

[Plate XXVIII shows the deep trough (at Piute Creek) of the Tertiary Tuolumne River exposed by the canyons 
of the present day.] 

Since between this locality and Mount Dana the bedrock series is all granite, it appears probable that in Tertiary 
time, as now, the Tuolumne River headed near Mount Dana. Where Rancheria Creek runs through Deep Canyon 
it has but a slight grade, which is probably nearly the grade of the Neocene Tuolumne, which formerly passed through 
it. The water for considerable stretches is quite still late in summer, when the flow is small. 

Although none of the gravels or the lavas of the Neocene Tuolumne basin areto be found between Rancheria Moun- 
tain and a point north of Poopenaut Valley, nevertheless the approximate course of the channel is not a matter of doubt. 

The configuration of the country is such that the river must, as before noted, have either gone down Rancheria 
Creek or over the site of Tiltill Valley, thence westward over the site of the Hetch Hetchy. The lava patches on the 
ridge north of Poopenaut Valley are presumed to rest on a portion of the slope of the Neocene Tuolumne basin, and 
the same is true of the lava area 3 miles west of Poopenaut Valley, and the gentle slopes of the ridge in this vicinity 
are doubtless a portion of the same basin. The next point where the lavas are preserved is about 4 miles westerly 
from Hog Ranch. From there still farther westward there are other lava patches, some of them capping river gravels. 

On Rancheria Mountain, resting on andesite tuf¥, and apparently capped by the compact lava (latite) adjoining, 
is some gravel containing pebbles of augite andesite, pegmatite, quartz. This evidently represents a stream of the 
volcanic period, and later in age than the gravels above described. 

1 California mines and minerals, published by the California Miners' Association, San Francisco, 1899. 
> Post-Tertiary elevation of the Sierra Nevada: Bull. Geol. Soc. America, vol. 13, 1901, pp. 540-541. 



0=3 - 

uto. .^ 
So. I 



APPENDIX. 

IiATE DEVELOPMENTS IN THE DREDOINO INDUSTRY. 

INTRODUCTION. 

At present the dredging industry is by far the most important branch of placer mining 
in California. In 1909, out of a total of $9,104,433 derived from placers, $7,382,950 came 
from the dredging fields, mainly in Butte, Yuba, and Sacramento counties. In these fields 
the Quaternary gravels resting" near the mouths of the canyons from the Sierra Nevada are 
the source of the gold, and thus the deposits do not strictly fall within the scope of the present 
volume, which deals with the Tertiary gravels. In view of the great development of this 
branch of the mining industry, however, a few words about the latest developments and the 
geology of the deposits may not be out of place. The principal dredging districts are at Oro- 
ville (described briefly on pp. 89-90), on Feather River; at Daguerre Point, on the Yuba, 12 
miles above Marysville; and at Folsom, on American River. A smaller district was worked 
for some time near Camp Far West, on Bear River above Wheatland, but the gravels proved to 
be of low grade and difficult to work and operations were discontinued. 

The gravels that contain enough gold to work are of moderate extent. The Folsom field, 
embracing about 13,000 acres, is the largest developed; in spite of active prospecting few 
other districts have been found. Smaller quantities of gravel are dredged in Siskiyou and 
Shasta counties. Two dredges are operating near Jenny Lind, in Calaveras County; one is 
working at Merced Falls, in Merced County; and one at La Grange, in Stanislaus County. 

The depth of the gravels ranges from 25 to 80 feet. In part the gravels are coarse, 
cobbles up to a foot in diameter being by no means uncommon. They contain much sand 
and clay in places and are ill sorted. As the depth to bedrock does not increase greatly with 
the distance from the mouth of the canyon, it is inferred that the Quaternary rivers depositing 
the detritus had approximately the same grade as the present stream channels. The gravels 
almost universally rest on a fake bedrock of volcanic tuflF or hardpan. Some of them lie below 
the present river level; others rest on benches up to 100 feet above the channels of to-day. 
This tuff forms a sheet from 12 to 60 feet in thickness. Both at Oroville and along Yuba River 
auriferous gravel is found below it, but under present conditions this lower gravel can not be 
worked. 

The gold is by no means everywhere confined to the bedrock surface; more commonly,, 
indeed, it is distributed through the gravels or contained in one or more upper strata of gravel. 
Where the material is clayey, the gold is likely to be distributed throughout it. From this the 
engineers in charge have justly drawn the conclusion that the gravels were throughout depos- 
ited by overloaded rivers; probably the beds were laid down largely during the glacial epoch. 
The tenor of the gravels ranges up to 25 cents a cubic yard; it is said to be about 15 cents at 
Oroville and about 10 cents at Folsom. An average of the fields would probably show 12 cents 
a cubic yard. As the distance from the mouth of the canyon increases the gold becomes 
finer and the gravels poorer. 

The gold is in fine flat scales but is comparatively easy to catch. More or less elaborate 
schemes involving coconut matting, mercury cups, and other devices were formerly used, but 
at the present the Hungarian riffle with mercury is almost solely employed in the sluices, with 
occasional amalgam traps. 

The fineness of grain of the gold for the Oroville field is given in the following statement, 
kindly transmitted by Mr. Newton Cleavdand, in charge of the Yuba ConsoUdated Goldfields, 
The proportions of coarse and fine gold were determined by screening through screens of various 
sizes the numbers represent meshes to the Unear inch of screen). 
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Percentage of coarse and fine gold in the OroriUe district 
(Examinations by Newton Cleaveland.] 



From four samples, aggregating 762.41 grains: Per cent. 

60 and coarser 60. 85 

60 to 100 12. 16 

100 to 120 2. 13 

120 to 150 22. 94 



98.08 
From four samples, aggregating 7 13.66 grains: 

60 and coarner 47. 25 

60 to 100 16.4 

100 to 120 2. 67 

120 to 150 2. 88 

150 and finer 30. 8 



100.00 
From four samples, aggregating 763.18 grains: 

60 and coarser 56. 3 

60 to 100 17. 92 

100 to 120 3. 57 

120 to 150 2. 47 

150 and finer 19. 73 



From lour samples, aggregating 724.57 grains: Percent 

60 and coarser 55. 67 

60 to 100 20. 54 

100 to 120 3. 72 

120 to 150 2. 06 

150 and finer 18. 01 



100.00 
From four samples, aggregating 780.51 grains: 

60 and coarser 70. 23 

60 to 100 9.7 

100 to 120 ' 2. 7 

1 20 to 150 1. 27 

150 and finer 16.09 



99.99 



99.99 



In the other districts the gold has approximately the same size of grain. Occasionally 
pieces of a value of 50 to 80 cents are found, but this is wholly exceptional. The gold is of high 
grade in value, its fineness measuring 915 to 930. A little platinum, iridosmine, etc., are asso- 
ciated with the gold ; the quantity is very small, but somewhat larger at Oroville than in the 
other districts. The platinum, which does not amalgamate, is separated by panning from the 
black sand orf the weekly clean-up of each dredge. The production of platinum from all districts 
amounts to only a few hundred ounces a year. 

YT7BA DBEDOE FIELD. 

The Yuba field, 12 miles above Marysville, at Daguerre Point, is situated where the 
first greenstone hills of Yuba Coimty emerge from the Quaternary covering on the south side 
of the river. Two companies are operating. The Yuba Consolidated Groldfields has 12 dredges 
with buckets of 7 cubic feet capacity, and one now building with a capacity of 15 cubic feet, a 
ladder 125 feet in length, and a displacement of 2,400 tons. This company breaks an average 
of about 45,000 cubic yards of gravel daily. The area of the property is 3,500 acres. Below 
this is the property of the Marysville Gold Dredging Co. (usually referred to as the Marigold), 
which operates three dredges. The available dredging land on Yuba River has a total area of 
about 5,000 acres; it extends along the river for a distance of about 7 miles and has a width 
of 1 to 2 miles. 

The field is only slightly above the river level and is covered to a depth of 40 feet or less 
by the old tailings brought down by the river from the hydraulic mines higher up in the moun- 
tains. Before these tailings were deposited the low bars rose to a height of 15 to 20 feet above 
the water level. Above Daguerre Point, on the north side of the river, the gravels rest on 
greenstone bedrock, but elsewhere over the entire area they lie on a stratum of hardpan or 
compact clay, which on the north side of the river rises to low rolling hills. Below the clay in 
places is volcanic tuff, similar to that at Oroville, described on pages 89-90 and probably derived 
from the same source, namely, the volcano of tlie Marysville Buttes. The bedrock brought up 
by the dredges does not usually show evidence of the presence of volcanic material. 

The gold production of the Yuba dredging district W4is $2,441,919 in 1909; the district 
entered the list of producers in 1903. 
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FOLSOM DBEDOE FIELD. > 

The district at the mouth of the canyon of American River is considered the largest in the 
State, comprising about 13,000 acres of Quaternary gravels. It extends from Fokom, in Sac- 
ramento Coimty, mainly along the south side of the river for a distance of about 7 miles, with 
a width of 1 to 2 miles. Two companies are operating — the Natomas Consolidated Co. of Cali- 
fornia, which has eight dredges working at several places west of Folsom, and the New England 
Exploration Co., working what is known as the Ashburton dredge. In 1909 the Natomas Con- 
solidated Co. turned over 321.48 acres and handled 13,975,185 cubic yards of gravel at a cost 
of 3.6 cents a cubic yard while digging to an average depth of 27 feet on ground ranging from 

19 to 70 feet in depth.^ The values vary from 6 to 18 cents a cubic yard. The dredge produc- 
tion of Sacramento County in 1909 was $1,534,136; the district entered the ranks of the 
producers in 1902. 

The first areas worked were the '* bars'' on the north side of the river, including Mississippi, 
Sailor, and Sacramento bars, all of these being only a few feet above river level. 

Along the south side of the river extends a wide belt of dredging ground of sandy gravel, 

20 to 25 feet deep. This gravel, the bedrock of which is about 25 feet above the river, is now 
worked at several places. Like the gravel of the bars, it rests on a fake bedrock of white volcanic 
ash, which outcrops in the Orangevale Bluff, north of the river, and at other points on higher 
ground south of the river. Only at two places along Willow Creek, within the area actually 
exploited, does the real bedrock (granite and slate) appear under the gravel. 

There is also a higher belt of terrace gravel farther south; this .is worked at the present 
time mainly on Rebel Hill, 2 miles southwest of Folsom, a locality in which the early miners 
carried on much shallow hydraulic and drifting work. This belt appears to represent an older 
Quaternary channel, which came down from Mormon Island and Blue Wing Ravine ^nd con- 
tinued along the upper course of Willow Creek. Here the channel is 400 feet wide and has been 
worked at several places from shafts 60 to 80 feet deep. At Rebel Hill this gravel spreads out 
considerably and is 50 feet deep, the volcanic ash bedrock lying about 50 feet above the river. 
In this area the gravel is covered by 6 to 10 feet of red clayey loam carrying some gold, and the 
gravel itself is clayey. There are two principal pay streaks — one at 34 feet below the surface; 
the second at a depth of 50 feet, resting on the false bedrock. 

The dredges now building have a bucket capacity of 13^ cubic feet and a ladder 118 feet 
long and are designed to dig 55 feet below water level. The sluice area on these dredges com- 
prises about 7,200 square feet, the boat itself being 152 feet long. 

1 See also pp. l&i-165. 

>Yale, 0. O., Mineral Reaouroes U. S. for 1909, pt. 1, U. S. Oeol. Sonrey, 1911, p. 282. 
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